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INTRODUCTION 

V 

There  ore  three  general  types  of  input  and  output  equip- 
required  for  Whirlwind  I.  Those  ares 

P  ,  \  ■  j 

n) r  Numerical p  > 


35mm  film  will  he  used  for  inserting  and  extracting 
numerical  information  from  the  Whirlwind  computer.  The  general 
outline  of  the  proposed  system  is  given  in  M-73,  ybl.  11.  The  Eastman 
Kodak  Progress  Report  in  Vol.  11  describes  the  actual  film  reader- 
recorder  in  more  detail.  Some  project  work  haft  been  done  on  automatic 
conversion  on  a  decimal  keyboard  to  binary  numbers  on  the  film.  This 
work  is  desorlbed  in  a  thesis  by  David  J.  Crawford  in  Vol.  12.  H-157 

describes  briefly  some  of  the  requirements  for  an  output  printer. 


.S/0W  Mechanical  and  ELeotricel— 


M 


The  first  work  on  the  conversion  from  mechanical  and 
electrical  Information  to  numerical  information  for  the  oomputer  to 
use  in  8injolation  problems  was  done  by  H.  IV -Stabler* — Hin  report-in  *- 
Vol.  11,  entitled  Reversible  Binary  Counter  and  Shaft  Position 
Indicator,  deeoribes  thi»~*ork.  x  M-89  in  Vol.  11  describes  a  simple 
mechanical  to  binary  converter.  )  The  roport  Rp-129  in  Vol.  12  ie  a 
survey  by  B.  P.  Stabler  of  the/whole  conversion  problem  from  shaft 
position  to  binary  numbers  of  these  methods  are  actually  con¬ 

version  from  electrical  quantities  to  binary  numbers  and  many  of  thorn 
oan  be  reversed  for  Converting  computer  output  data  to  physioal 
quantities.  The  project  is  continuing  work  on  these  problems. 

N"  I  . 


N$.  '  '*)  Qraphlcal 


Ho  reports  are  given  on  graphical  recorders.  It  should  b® 
possible  to  use  one  of  the  graphical  recorders  already  developed  by 
the  Eastman  Kodak  Company  for  other  purposes.  . 
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FILM  READER-RECORDER  FOR  USE  WITH  COMPUTER 


Under  contract  N6ori~205  The  Eastman  Kodak  Company  is 
developing  a  device  both  for  recording  digital  records  on  photo¬ 
graphic  film  and  for  reading  these  records.  It  is  proposed  that 
this  device  shall  - 

(a)  Record  the  output  from  a  computer. 

(b)  Record  the  output  from  a  typewriter  keyboard  used  in 
the  preparation  of  input  data  for  the  computer,, 

(c)  Read  film  records  prepared  by  the  device  in  a  form 
suitable  for  input  to  a  computer, 

(d)  Read  the  film  records  prepared  by  the  device  in  a 
form  suitable  for  input  to  a  second  device  of  the 
same  type  for  such  purposes  as  duplicating  films P 
preparing  new  program  film  using  parts  of  old  urogram 
film,  and  correcting  errors  that  may  have  been  made  in 
preparation  of  a  film. 

The  film  reader-recorder  is  being  designed  with  a  view 
to  the  widest  possible  aoplication,  but  will  be  constructed  speci¬ 
fically  to  meet  the  requirements  of  Project  Whirlwind,  Device 
?4-X-3„  This  project  requires  that  the  photographic  equipment 
both  record  and  read  about  500  fifty  digit  binary  words  per  second. 
Positive  signals  for  both  05s  and  Is a  will  be  provided  by  recording 
both  the  word  and  its  invert.  It  is  hoped  that  a  speed  of  1000 
words  per  second  can  be  attained.  Considerable  component  research 
is  required  to  determine  rates  such  as  this.  This  research  ’will 
lead  to  the  establishing  of  practical  values  for  such  quantities 
as  (1)  spot  size,  (2)  speed  of  film  motion,  (3)  amount  of  light 
required. 


The  Eastman  Kodak  Company  is  also  designing  and  will 
build  an  automatic  machine  for  the  rapid  processing  of  the  film 
emoloyed  for  number  storage.  This  machine  will  be  quite  simple 
to* operate.  No  darkroom  facilities  will  be  necessary  for  its 
use. 


By  now  breadboard  models  of  all  the  circuits  have  been 
built  and  all  the  operations  seem  feasible.  The  mechanical  and 
optical  parts  have  been  designed  and  are  being  constructed.  A 
breadboard  model  of  the  recorder  has  been  built  and  8  place  dig¬ 
ital  information  has  been  recorded  xeliably.  Much  of  the  component 
research  has  been  carried  out. 

We  shall  consider  in  more  detail  the  manner  in  which 
data  are  stored  on  the  film.  Each  digit  is  recorded  on  the  film 
as  a  rectangular  spot  ,020”  wide  and  ,010"  long.  If  the  digit  is 
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a  "1"  the  spot  In  the  line  or  lines  reserved  for  the  work  will 
he  exposed;  if  a  ,,0fl  the  spot  in  the  line  or  lines  reserved  for 
the  invert  will  he  exposed.  See  Fig.  1  and  Fig.  2.  This  partic¬ 
ular  spot  size  was  chosen  ne  a  result  of  experiments  in  which 
tracks,  of  spots  forming  an  endless  loop  were  driven  millions  of 
times  through  a  gate  to  desect  whether  they  could  he  read  reliably 
by  a  photocell.  Reading  of  spots  smaller  than  .010"  x  ,020"  was 
unreliable  due  to  dust  particles  sticking  to  the  film  and  tc 
scratches  in  the  film.  Such  a  spot  size  permits  50  channels  plus 
timing  markers  to  he  stored  across  35  mm  film.  Therefore,  50 
fifty  digit  words  plus  their  inverts  can  he  stored  along  one  inch 
of  35  Mm  film.  Thus  60„000  fifty  digit  numbers  can  he  stored 
in  a  small  100  ft.  roll  of  35  film. 

At  the  beginning  of  the  project  various  methods  for 
obtaining  a  suitable  modulated  light  source  for  recording  were 
considered.,  Mechanical  shutters  were  obviously  too  slow.  Electro- 
optical  shutters  are  inadequate  and  much  too  complicated  at  the 
present  state  of  the  art.  The  use  of  an  array  of  discharge  lamps 
was  a  distinct  possibility,,  but  the  control  system  for  such  an 
array  would  be  complicated,,  Also  the  life  of  such  tubes  seems 
to  be  questionable.  The  most  simple  and  probably  the  mooi*re- 
liable  light  source  capable  of  modulation  is  the  cathode-ray  tube. 

It  is  possible  in  principle  to  -write  many  lines  of  data  on.  a 
C.R.T.  face  and  record  a  frame  at  a  time.  Such  a  procedure  would 
require  a  film  speed  of  10  to  20  frames  per  second.  This  is  not 
excessive,  but  the  precision  control  of  the  beam  position  in  the 
vertical  direction  would  be  a  difficult  problem.  It  was  felt  that 
a  Bimpler  and  more  flexible  procedure  would  be  to  record  during 
the  film  motion,  using  a  sweep  so  short  that  the  film  would  move 
inappreciably  during  the  recording.  Preliminary  experiments  using 
a  5JPH  tube  with  2000  V.  post  acceleration  and  commerically  avail¬ 
able  films,  Eastman.  Super  XX,  Eastman  Recording  Ortho,  and  Eastman 
Recording  Pan,  indicated  that  ample  light  output  would  likely  be 
available  if  a  5KP11  tube  were  used  with  post  acceleration  of  10 
to  20  KV.  More  recent  experiments  indicate  this  is  true  even  though 
the  film  which  will  be  used  will  be  somewhat  less  sensitive  due 
to  the  fact  that  it  must  stand  the  hot  developer  of  an  automatic 
processing  machine.  There  is  not  a  large  margin  of  safety  when 
a  50  microsecond  sweep  is  used,  but  the  margin  seems  to  be  suffi¬ 
cient  for  reliable  results.  At  the  present  time  experiments  are 
being  carried  out  to  determine  the  best  manner  in  which  to  operate 
the  tubes  to  obtain  the  most  light  output  for  our  particular  use. 

The  fact  that  the  duty  cycle  will  likely  be  less  than  l/20  can 
be  used  to  advantage  in  obtaining  more  light  since  the  decrease 
in  efficiency  when  high  beam  currents  are  used  seems  to  be  due 
to  the  average  power  dissipated  and,  therefore,  to  the  average 
current  instead  of  the  peak  current.  Measurements  are  being  made 
on  a  number  of  tubes  and  preliminary  results  indicate  no  serious 
differences. 
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The  maximum  speed  of  the  film  motion  depends  principally 
upon  the  sweep  speed  which  can  he  used,  since  this  together  with 
the  film  speed  determines  the  slant  of  a  line  of  data  across  the 
film,,  Project  whirlwind  has  requested  that  provision  be  made  in 
the  reader-recorder  for  film  motion  in  either  direction  (however,, 
they  will  furnish  the  two  direction  drive  whenever  it  is  needed,) 
Therefore,  compensation  for  the  motion  of  the  film  to  reduce  slant 
ie  not  feasible.  The  slant  encountered  in  the  reading  and  recording 
of  500  wordB  and  their  inverts  per  second  should  not  be  at  all 
serious.  However,  the  rending  and  recording  of  1000  words  per 
second  may  be  unreliable  in  the  case  of  one  of  the  sweep  methods 
to  be  considered.  The  prototype  film  drive  is  being  made  to  pro¬ 
vide  20  in. /sec.  film  speed,  (1000  words  per  second)  but  may  be 
modified  if  necessary.  Another  much  slower  drive  ie  being  furnished 
for  word  by  word  reading  and  recording  when  the  recorder  is  used 
in  the  duplication  of  films  or  in  making  corrections  in  films, 

With  this  speed  10-20  words  per  second  can  be  read. 

Since  data  will  likely  both  be  furnished  to  the  recorder 
and  aeked  for  from  the  reader  intermittently  it  is  necessary  to 
start  and  stop  the  film  motion  as  rapidly  as  possible.  A  magnetic 
clutch  will  be  used  for  this  purpose.  .  Tests  already  mad®  on 
such  clutches  indicate  that  the  stopping  and  starting  time  can 
probably  be  made  less  than  10  milliseconds  and  further  tests  will 
soon  t©  made  on.  an  Improved  design*.  An  automatic  loop  former  will 
be  employed  to  reduce  the  load  on  the  clutch,,  especially  when 
1000  foot  rolls  of  film  are  being  used.  The  loop  must  be  main¬ 
tained  on  both  sides  of  the  drive  eince  the  film  must  be  capable 
of  moving  in  either  direction.  Models  of  two  automatic  loop 
forming  devices  have  been  built ,  but  cannot  be  adequately  tested 
until  the  entire  film  drive  mechanism  is  completed.  One  method 
involves  the  use  of  a  roller  on  the  end  of  a  long  lever  whose 
position  is  held  within  bounds  by  limit  switches  controlling  a 
small  servo  motor0  In  the  other  method  the  arm  position  is  main¬ 
tained  by  a  proportional  servo  built  according  to  suggestions  of 
the  MdcT.  Servo  Laboratory, 

A  schematic  of  the  proposed  optical  system  is  shown  in 
Fig.  3  and  a  schematic  of  the  proposed  electrical  circuits  is  shown 
in  Fig.  4  for  the  double  sweep  method  and  in  Fig.  5  £°r  ^4e  single 
sweep  method.  Let  us  firot  consider  recording.  The  computer  will 
have  stored  a  number  of  words,  perhaps  50  or  a  hundred,,  in  a  set 
of  special  registers  reserved  for  this  purpose.  The  computer 
will  then  signal  the  reader-recorder  to  start  recording.  The 
signal  will  energize  the  moving  member  of  a  magnetic  clutch 
attracting  the  armature  and  thus  turning  the  drum  drive  which 
is  attached  to  it.  A  circular  plate  containing  clear  slits  on 
a  dark  background  is  attached  to  and  turns  with  the  lium  drive. 
Light  from  a  lamp  is  focused  through  these  slits  onto  a  phototube, 
giving  a  signal  each  time  the  drum  drive  advances  sufficiently 


to  permit  the  recording  of  another  digit*  This  timing  signal 
passes  through  a  limiting  amplifier  and  starts  a  sweep,  If  the 
gate  between  the  limiting  amplifier  and  sweep  circuit  ie  open* 

This  gate  Is  provided  so  thpt  the  film  may  he  advanced  without 
the  recording  of  a  series  of  zeros  as  would  he  the  case  if  no 
gate  were  provided*  Coincident  with  the  starting  of  the  sweep, 
the  beam  is  unblanked  and  remains  unblanked  until  th«;  sweep  has 
moved  some  distance  past  the  end  of  the  mask.  As  the  sweep 
progresses  across  the  tube  face  it  passes  first  over  the  long 
thin  slit  which  records  a  timing  signal  on  the  film*  Not  all  of 
the  light  falls  on  the  film*  but  some  of  it  is  reflected  and 
focuoed  onto  a  monitoring  mask.  The  clear  holes  in  the  monitor 
manic  are  only  half  or  less  the  width  of  the  clear  holes  in  the 
C.R  T.  mask  and  are  phased  with' respect  to  the  holes  In  the  C.R.T. 
mask  so  that  light  can  pass  through  the  monitor  mask  only  when 
the  beam  is  moved  near  to  the  trailing  end  of  the  corresponding 
hole  in  the  C.R.T,,  mask*  Two  phototubes  pick  up  the  light  passing 
through  the  monitor  mask;  one  picking  up  the  light  through  the 
word  position,,  the  other  the  light  through  the  Invert  position* 

The  signals  pass  through  limiting  amplifiers  and  are  sent  back 
to  the  computer  unit  so  that  the  whole  transmission  and  recording 
process  can  be  checked.  In  addition  these  slgnalB  are  combined 
in  a  mixing  circuit  and  the  resulting  signal  is  transmitted  simul¬ 
taneously  along  two  paths*  Along  one  path  the  signal,  passes 
through  a  delay  and  an  output  buffer  to  the  computer  unit  where 
it  steps  the  word  in  the  register  one  place  thus  furnishing  the 
next  digit  for  recording.  Along  the  other  path  the  signal  passes 
through  another  delay  and  to  a  trigger  pair  which  controls, 
through  a  D,C.  amplifier,  the  vertical  position  of  the  beam. 

Both  delays  prevent  any  deflection  of  the  beam  until  the  sweep 
hae  completely  traversed  the  spot  which  furnished  the  stepping 
signal.  The  second  delay  ie  not  necessary  if  both  zoroo  and  ones 
are  furnished  from  the  computer  unit.  However,  if  only  ones 
are  furnished  it  is  necessary  to  alwayB  put  the  trigger  pair 
into  the  zero  position  after  the  sweep  has  traversed  the  spot, 
but  before  the  next  digit  ie  stepped  into  the  reader-recorder. 

These  deflections,  of  couree,  take  place  behind  the  mask.  At 
the  end  of  t.he  unblanking  pulse  a  second  trigger  pair  1b  tripped 
starting  the  second  sweep.  This  trigger  pair  is  connected  through 
the  D.C.  amplifier  to  the  second  vertical  plate  and  so  positions 
the  beam  for  the  second  sweep.  A  third  trigger  pair  counts  the 
two  sweeps  and  at  the  end  of  the  second  sweep  sends  a  signal  to 
the  oomputer  unit  Indicating  that  the  recording  is  completed  end 
that  the  oomputer  unit  may  check  the  process  and  prepare  to  fur¬ 
nish  another  word, 

For  reading,  Hhe  mask  over  the  C.RcT.  is  changed  ao 
that  a  scanning  spot  (probably  ,00f"  x  ,012")  can  bo  projected 
onto  the  film.  Also  a  prism  is  in'erted  to  form  two  images  of 
the  sweep,  one  covering  the  word  position,  the  other  covering 
the  invert  position.  At  the  same  time  the  beam  splitter  is  re- 

^It  will  bo  noted  that  this  method  of  reading  is  different 
from  that  originally  proposed.  In  the  original  propooal  n  bank  of 
fifty  phototubes,  one  looking  at  each  channel  waB  to  be  used  and 
the  film  was  to  be  illuminated  with  a  steady  light  source. 


moved  to  allow  all  the  light  to  fall  on  the  reader  phototubes . 

The  power  will  be  removed  from  the  recording  circuits  not  in 
use  during  reading.  The  holeB  in  the  reader  mask  are  made  smaller 
than  those  in  the  recorder  mask;  laterally  to  take  care  of  side 
motion  of  the  film,  and  film  shrinkage,  and  lengthwise  to  take 
care  of  slant  of  the  line  across  tho  film  and  inaccuracies  of 
timing  the  reading  sweep.  The  sweep  is  started  by  a  signal  from 
a  phototube  which  "looks  at"  tho  timing  signal  recorded  along 
one  edge  of  the  word.  This  region  of  the  film  is  illuminated  by 
a  steady  auxiliary  light  source.  Separate  phototubes  read  the 
word  and  invert  at  the  same  time.  The  signals  are  amplified 
and  pass  through  the  same  limiting  amplifiers  and  output  buffers 
as  did  the  monitor  signals.  The  stepping  signal  steps  the  part 
of  the  word  already  read  one  place  to  tho  right  making  room  for 
the  next  digit.  As  in  the  recording  process,  at  the  end  of  the 
first  unblanking  pulse  a  signal  is  sent  to  a  trigger  pair  start¬ 
ing  the  second  sweep  and  also  positioning  it. 

A  simplified  breadboard  recorder  has  been  built  and 
made  to  record  satisfactorily.  A  16  mm  cine  kodak  with  a  special 
motor  drive  and  with  a  shutter  arranged  to  open  only  during  the 
pull  down  was  used.  Since  no  computer  unit  or  stepping  circuits 
similar  to  those  which  will  be  used  by  project  Whirlwind  were 
available  from  a  stepping  circuit  waB  designed  and  an 

eight  place  stepping  register  built.  The  circuit  is  fairly 
simple  requiring  only  3  triodee  (l^-  6J6'e)  per  digit.  The  circuit 
will  step  up  to  a  maximum  rate  of  about  750  K.C.  per  sec. 

The  type  of  mask  used  for  the  single  sweep  method  is 
shewn  in  Fig.  2.  This  method  involves  the  circuit  changes  that 
can  be  seen  in  Fig.  5.  Although  it  is  not  mandatory  that  both  0's 
and  l's  be  furnished  by  tho  computer  unit  it  is  considerably  more 
difficult  to  work  with  only  l's  when  the  single  sweep  method  is 
employed.  The  lower  vortical  deflection  plate  is  now  used  to 
position  every  other  digit  instead  of  the  second  sweep.  This 
method  has  the  advantages  of  (l)  resulting  in  less  slant  error » 

(2)  simplifying  the  optics  somewhat,  but  haB  the  disadvantage  of 
(l)  requiring  much  faster  deflection  circuits,  and  (2)  requiring 
much  more  careful  timing  of  delays  and  sweep  rate. 

Tests  on  the  single  sweep  method  are  now  under  way  and 
will  likely  continue  for  two  or  three  weeks  until  it  is  known 
whether  it  can  be  made  to  work  well  enough  to  b©  used  instead  of 
the  double  sweep  method  which  is  now  known  to  work.  There  has  as 
yet  been  no  actual  recording  but  all  the  equipment  (control  and 
an  additional  8  plaoe  stepping  register)  has  been  built  and  most 
of  it  is  working  satisfactorily.  Microphotometer  traces  of  the 
recordings  will  be  made  in  order  to  measure  the  density  aoross 
the  entire  spot. 
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A  study  has  been  made  of  the  various  automatic  processing 
machines  already  built  or  under  design  at  Kodak.  The  first  model 
of  a  machine,  which  very  nearly  satisfies  the  requirements  of 
Project  Whirlwind,  has  been  built  on  another  project  and  used  to 
process  16  ran  film  at  a  rate  of  8  ft.  /min.  It  is  small  and  ex¬ 
tremely  simple  to  operate;  however,  requires  hot  water  connections, 
compressed  air  connections,  and  a  drain  connection.  A  new  machine 
is  being  designed  based  on  the  principal  features  of  the  16  mm 
machine  but  capable  of  processing  35  mm  film  and  requiring  only 
a  cold  water  connection  and  a  drain  connection.  This  unit  as 
well  as  the  reader-recorder  will  handle  1000  ft.  reels  of  film. 

To  process  1000  ft.  of  film  will  require  about  a  gallon  of  deve¬ 
loper,  a  gallon  of  fixer,  and  several  gallons  of  water  if  the 
film  is  to  have  good  lasting  qualities. 

Although  some  parts  which  could  be  used  in  the  prototype 
reader-recorder  are  now  being  constructed,  further  experimentation 
is  required  before  the  final  dosign  can  be  completed.  As  soon  ob 
all  the  optical  and  mechanical  parts  are  completed  a  breadboard 
model  will  be  set  up  to  check  both  the  recording  end  reading  oper¬ 
ations.  In  the  meantime  tests  on  individual  components  will  con¬ 
tinue.  For  instance  tests  will  be  made  on  the  magnetio  clutch  to 
determine  its  starting  and  stopping  time.  Two  different  materials 
are  being  considered  for  the  iron  path.  Comparative  tests  on  two 
types  of  loop  forming  mechanisms  will  bo  tried  using  1000  ft. 
reels  of  film. 

About  a  year  ago  we  performed  some  simple  experiments 
which  showed  that  the  troublesome  drift  of  931A  photo-multiplier 
tubes  could  be  very  greatly  reduood  by  using  them  under  pulsed 
light  oonditionc  with  a  low  duty  cycle.  Later  R.C.A.  reported 
the  same  finding.  We  have  therefore,  hoped  that  the  931A  tubes 
will  be  stable  under  our  method  of  operation.  There  has  been 
no  noticeable  trouble  from  tube  drift  in  the  breadboard  recorder. 
However,  sinoe  we  are  operating  with  a  somewhat  higher  duty  cycle 
than  that  used  in  the  earlier  experiment £  we  feel  that  further 
controlled  tests  should  be  performed  on  a  number  of  tubes.  At 
the  same  time  we  hope  to  oheok  the  life  characteristics  of  a  number 
of  cathode-ray  tubes  since  no  such  characteristics  useful  to  us 
can  be  obtained  from  the  manufacturer. 

Wo  have  been  using  a  10  KV  RF  power  supply,  the  Dumont 
263A,  and  a  30  KV  supply  made  by  Essex  Coil  Co.  The  latter  was 
actually  operated  variably  between  10  KV  and  20  KV.  The  Dumont 
supply  is  very  stable,  but  considerable  difficulty  has  been  en¬ 
countered  with  the  Essex  supply.  Much  of  this  has  been  due  to 
mechanical  faults.  However,  another  model  lias  been  ordered  and 
we  hope  to  run  exhaustive  tests  on  it  to  determine  if  it  will 
meet  our  requirements. 

Project  whirlwind  asked  if  we  might  incorporate  in 
addition  to  the  above  features,  two  other  features  (a)  the  ability 
to  take  single  frame  pictures  of  the  entire  face  of  the  cathode- 
ray  tube  and  (b)  the  ability  to  remove  the  normal  cathode-ray 


tube  and  replace  it  with  a  bank  of  smaller  tuoes  for  multi-channel 
graphical  recording.  The  first  would  have  required  a  flat  gate 
and  a  considerably  more  complicated  drive  mechanism.  In  view 
of  the  fact  that  the  job  can  probably  be  done  with  an  auxiliary 
oscilloscope  and  commercially  available  cameras,  it  was  jointly 
agreed  that  this  feature  should  not  be  incorporated!.  The  second 
feature  involved  sufficient  charges  in  the  power  supplies,  optics, 
and  tube  mount  to  require  essentially  another  device.  We  have 
considered  certain  other  possibilities.  Some  of  the  seismograph 
equipment  might  be  satisfactory  except  that  it  ubbs  6  inch  paper 
which,  of  course,  could  not  he  processed  in  the  automatic  processing 
machine.  Perhaps  the  equipment  most  likely  to  satisfy  the  needs 
of  Project  Whirlwind  is  a  graphical  recorder  being  considered  by 
the  Naval  Ordnance  Division  of  Kodak.  The  specifications  for 
this  vrr.it  have  been  sent  to  Mr.  Forrester  for  comments.  Although 
no  contraot  has  yet  been  let  for  the  construction  of  this  reoordor, 
it  is  expected  that  this  will  be  done  coon. 

To  summarise i  much  of  the  component  research  has  been 
completed,  a  breadboard  recorder  has  been  built  and  found  to  work 
satisfactorily,  all  of  the  components  required  fdr  a  breadboard 
reader -reoordor  are  under  construction,  and  an  automatic  developing 
machine  is  being  designed.  Further  component  testing  is  necessary 
to  determine  (a)  the  merits  of  the  single  sweep  relative  to  the 
double  sweep  method  of  reading  and  recording  (b)  the  best  way  to 
operate  the  C.R.T.'s  to  give  the  most  light  compatible  with  long 
life,  (c)  Drift  and  life  characteristics  of  931A  phototubes  aB 
used  in  the  reader-recorder,  (d)  a  satisfactory  method  for  auto¬ 
matically  maintaining  a  film  loop,  (e)  action  time  of  the  magnetic 
clutch,  and  (f)  the  characteristics  of  the  rf  power  supply  under 
the  worst  conditions  to  be  encountered. 
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REVERSIBLE  BINARY  COUNTER  AND 


SHAFT  POSITION  INDICATOR 


Abstract 


A  binary  counter  has  been  developed  that  responds 
to  subtracting  pulses  as  well  as  to  adding  pulses.  The 
two  types  of  pulses  are  distinguished  by  different  input 
channels,  by  polarity,  or  by  size,  and  the  reversible 
action  is  accomplished  by  suitable  carry-over  provisions 
between  the  counter  stages.  Each  stage  employs  four  6AK5ka, 
Resolving  times  of  10“5  8Q0  and  less  are  readily  obtainable. 

In  conjunction  with  a  photoelectric  actuated  pulse  generator 
and  a  reading  circuit,  the  counter  has  been  used  to  indicate 
the  angular  position  of  a  rotating  shaft.  The  pulse  gen¬ 
erator  produces  adding  pulses  for  clockwise  rotation  of  the 
shaft  and  subtracting  pulses  for  counterclockwise  rotation. 

The  reading  circuit  "eoans"  the  several  counter  stages  and 
gives  the  counter  reading  in  the  form  of  a  microsecond  pulse 
binary  wave-form  number.  While  the  system  has  been  designed 
to  provide  one  of  the  input  parameters  to  a  digital  electronic 
computer,  the  methods  employed  can  be  used  for  other  situ¬ 
ations  involving  two  directional  motion  and  differential 
counting. 


H.  P.  Stabler 


REVERSIBLE  BINARY  COUNTER  .Mil) 

SHAFT  POSITION  INDICATOR 

INTRODUCTION 

The  conrponente  described,  in,  this  paper  have  been 
developed  to  serve  aa  an  input  device  for  a  digital 
computer.  The  computer  itself  is  a  component  of  a  large 
control  mechanism,  the  association  being  Buch  that  at 
least  one  of  the  input  parameters  must  be  furnished  by 
the  angular  position  of  a  shaft.  The  shaft  is  free  to 
turn  in  either  direction  at  irregular  intervals  and  speede. 
Precise  information  concerning  the  position  of  the  shaft 
must  be  continuously  available  and  it  must  be  furnished 
to  the  computer  in  the  form  of  a  binary  wave-form  number. 

The  system  which  has  been  developed  to  furnish  the 
necessary  meohanical-electrical  link  is  shown  in  block 
diagram  form  in  Figure  1.  As  the  shaft  rotates  a  pulse 
generator  produces  a  pulse  for  each  minimum  discrete 
angular  lnorement.  These  pulses  are  counted  by  a  reversible 
counter.  A  reading  circuit  then  scans  the  counter  stages 
and  furnishes  the  necessary  wave— form  number  to  the  computer. 
The  pulse  generator  is  designed  to  distinguish  the  direction 
of  the  shaft  rotation  and  the  counter  responds  correctly  to 
both  adding  and  subtracting  pulses. 

While  the  system  constitutes  one  solution  of  a  specialised 
problem,  the  reversible  aspects  of  the  counter  and  pulse 
generator  are  new,  and  the  general  method  employed  can  bo  used 
for  other  situations  involving  two  directional  motion  and 


differential  counting. 


PULSE  &ENERATOB. 


The  shaft  carries  a  slotted  disc  which  serves  as  a  light 
shutter  for  the  phototubes  VI  and  V2„  In  order  to  distinguish 
the  direction  of  rotation  these  tubes  are  placed  as  shown  in 
Figure  2c  Light  transitions  on  VI  are  instrumental  in  causing 
pulses,  provided  that  these  transitions  occur  while  V2  is 
illuminated.  The  transition  light  to  dark  causes  a  clockwise 
(or  adding)  pulse;  the  transition  dark  to  light  causes  a  counter¬ 
clockwise  (or  subtracting)  pulse.  If  phototube  V2  is  not 
illuminated,  the  pulses  that  would  otherwise  result  from  VI 
transitions  are  blanked  from  the  generator  output.  Thus,  for 
examplef  continuous  clockwise  rotation  x-esults  in  a  series  of 
adding  pulses,  one  being  produced  at  the  instant  the  trailing 
edge  of  each  slot  passes  in  front  of  the  slit  aperture  for  VI. 

The  essential  features  of  the  pulse  generator  circuit 
are  shown  in  Figure  3°  V5  an<*  V^  constitute  a  direct  coupled 
multivibrator  that  is  stable  only  when  one  tube  is  completely 
cut  off.  The  circuit  constants  have  been  chosen  so  that  the 
high  transition  (V5  changing  suddenly  from  non-conducting  to 
conducting)  occurs  as  the  potential  of  the  V5  grid  increases 
above  60  volte,  while  the  low  transition  (V5  changing  suddenly 
from  conducting  to  non— conducting)  occurs  as  this  potential 
decreases  below  50  voltB.  The  sudden  rise  of  the  plate  potential 
of  V5  at  the  low  transition  (phototube  VI  light  to  dark)  causes 
a  positive  pulse  on  the  grid  of  V9»  which  (if  V2  is  light)  produces 
a  pulse  in  the  clockwise  output  channel.  A  similar  rise  in  the 
potential  of  the  V6  plate  at  the  high  transition  causes  a  positive 
pulse  on  the  grid  of  V10,  which  (for  V2  light)  produces  a  pulse  in 
the  counter-clockwise  output.  Phototube  V2  controls  a  multivibrator 
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V7-VS  identical  to  V5-V6.  V9  and  V10  can  transmit  pulses  only 
if  V7  is  non-conducting.  The  differential  of  10  volts  between 
the  high  and  low  transition  points  insures  that  the  multivibrators 
remain  stable  even  if  the  disc  Jitters  back  and  forth  across  a 
transition  position. 

A  complete  circuit  diagram  ie  shown  in  Figure  4  (DWO-A-36). 

V3  and  V4  are  DC  amplifiers  for  VI  and  V2.  Direct  coupling  is 
required  to  the  grids  of  V5  and  V8  in  order  tc  take  oare  of  very 
slow  disc  motion.  Their  "dark"  potential  must  be  below  4g  volts 
and  their  "light”  potential  above  65  volte.  Pulses  approximately 
15  volts  in  size  and  of  0.7  microsecond  duration  are  obtained  in 
the  70  ohm  outputs. 

During  rotation  of  the  disc  the  potentials  applied  to  the 
grids  of  V5  and  V8  vary  approximately  sinusoidally  about  55  volts 
with  a  90°  phase  difference  between  them.  The  pulsing  circuits 
have  been  tested  by  applying  sinusoidal  potentials  from  an 
oscillator  to  these  grids  with  proper  phase  difference.  Clockwise 
pulses  appear  when  the  V5  grid  leads  the  V8  grid  and  counter¬ 
clockwise  pulses  when  the  V5  grid  lags  the  VS  grid.  The  generator 
operates  satisfactorily  at  frequencies  up  to  300  kc.  This  limit 
can  be  extended  if  necessary. 

The  photoelectric  system  has  been  operated  so  far  only  with 
a  small  disc  having  150  slots.  It  is  planned  to  produce  "slots" 
and  "teeth"  photographically.  The  degree  of  angular  subdivision 
possible  depends  on  the  closeness  with  which  practical  lines  can 
be  placed,  the  associated  inertia  of  the  disc  system,  and  the 
acceleration  to  which  it  must  respond.  500  lines  per  inch  appe»r 
feasible  (employing  motion  picture  sound  track  techniques)  corresponding 
to  a  direot  resolution  of  about  2^  minutes  for  a  6  inch  diameter  diso. 


For  such  an  optical  arrangement  type  931A  multiplier  phototubes 
are  to  be  used,  their  plates  being  connected  directly  to  the 
respective  multivibrator  grids  and  ?3  a&d-  omitted. 


REVERSIBLE  COUNTER 

A  conventional  scaling  circuit  or  counter  consists  of  a 
series  of  direct  coupled  trigger  pairs.  Suppose  the  components 
of  a  pair  are  called  A  and  B  tubes,  and  assume  that  for  zero 
indication  the  B  component  of  each  stage  conducts,  or  is  ON.  Every 
other  input  pulse  (to  any  stage)  causes  a  carry-over  pulse  to  the 
next  stage.  For  binary  addition  a  carry-over  pulse  must  occur  on 
the  transition  1  to  0,  that  1b 0  vhen  the  A  component  changes  from  ON 
to  OFF.  The  direction  of  the  counter  progression  will  reverse, 
corresponding  to  subtraction,  if  carry-over  takes  place  instead  on 
the  transition  0  to  1,  or  when  B  changes  from  ON  to  OFF. 

Figure  5  shows  a  functional  diagram  of  the  reversible  counter. 
Three  counter  pairs  are  indicated  by  the  six  circles,  the  prefixes 
0t  1,  2  (and  so  on)  denoting  the  power  of  two  associated  with  each 
stage.  The  C  and  D  squares  represent  coincidence  tubes.  All  C 
tubes  are  associated  with  additive  carry-over,  the  D  tubes,  with 
subtractive  carry-over,  A  pulse  to  be  added  is  received  in  the 
upper  channel.  It  triggers  a  self-restoring  multivibrator,  the 
addition  gate,  and  applies  a  positive  square  wave  to  the  screens  of 
all  C  tubes.  This  prepares  the  C  tubes  for  activity.  The  input  pulse 
also  passes  through  a  brief  delay  section  to  the  grids  of  the  first 
counter  tubes.  If  OA  is  conducting,  the  pulse  turns  QA  OFF  and  OC 
provides  a  pulse  to  the  next  stage.  Similarly,  a  subtractive  pulse 
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( 5 n.  the  lower  channel)  first  prepares  the  D  tubes  for  activity  and 
carry-over  takes  place  when  a  B  tube  is  changed  from  OB  to  OFF. 

The  delays  shewn  (of  about  1  microsecond)  are  introduced  to 
allow  time  for  all  C  or  D  tubes  to  be  properly  prepared  before 
the  pulse  is  counted.  The  add  and  subtract  gates  must  have  a 
duration  sufficiently  long  to  allow  all  necessary  carry-over  to  take 
place ,  even  to  the  end  of  the  counter.  The  method  necessarily 
requires  two  input  channels.  The  two  types  of  pulses  may  be  transmitted 
to  the  counter  over  a  single  line,  however,  if  they  are  distinguished 
by  size  or  by  polarity.  Simple  discriminating  circuits  then  trigger 
off  either  the  add  or  subtract  gates  as  required. 

Figure  6  shows  a  schematic  of  one  stage  of  the  counter.  The 
A  and  B  tubes  are  connected  in  a  standard  Eccles-Jordan  circuit  with 
self-bias,  and  the  tubes  are  triggered  with  negative  pulses  applied 
simultaneously  to  both  grids.  The  screen  potential  of  the  C  (or  D) 
tubes  changes  from  -8  volts  to  'MOO  volts  during  the  add  (or  subtract) 
gate  interval.  During  addition  C  transmits  a  carry-over  pulse  when 
its  control  grid  receives  a  positive  signal  caused  by  the  rise  of 
the  A  plate.  Using  6aK583  and  the  constants  indicated  the  quiescent 
current  per  stage  is  about  10  ms.  A  single  stage  has  a  resolving 
time  of  about  2  microseconds  and  a  carry-over  time  of  about  0.1 
microsecond. 

For  a  15  stage  counter,  the  add  and  subtract  gates  can  have  a 
duration  of  4  microseconds.  ’  This  allows  time  for  15  successive 
carry-over  pulses  and  for  reasonable  rates  of  rise  and  fall  of  the 
C  and  D  screen  voltages.  The  minimum  resolving  time  between  input 
pulses  is  determined  by  this  gate  length  and  is  thus  about  6 


microseconds 


-6- 

The  counter  is  reset  to  any  desired  reading  "by  momentarily 
interrupting  the  screen  currents  of  the  appropriate  combination 
of  A  and  B  tubes* 

Figure  7  is  a  complete  schematic  of  input  arrangements  that 
have  been  used  reliably  with  a  5  stage  trial  counter*  In  this 
circuit  the  delay  for  both  add  and  subtract  channels  is  provided 
by  the  self-restoring  multivibrator  73°  VI  serveB  to  trigger  the 
add  multivibrator  74  as  wall  as  73,  and  72  acts  similarly  for  the 
subtract  channel.  The  two  gate  voltages  are  taken  from  the 
cathode  followers  76  and  7S. 


READER 

A  simple  reading  circuit  is  shown  in  Figure  8.  It  consists 
of  a  series  of  6as6  coincidence  tubes,  70E,  71E,  72E,  - — .  The 
suppressor  grids  of  these  tubes  are  connected  directly  to  the 

plates  of  70B,  71B,  72B, - respectively.  The  cathodes  of  the 

E  tubes  are  kept  at  the  normal  non-conducting  potential  of  the  E 
tube  plates  and  their  grids  are  biased  to  cut-off.  The  E  plates 
are  connected  to  a  common  output  circuit.  If  a  single  positive 
reading  pulse  is  applied  to  the  control  grid  of  each  E  tube 
successively  at  microsecond  intervals,  a  pulse  wave-form  number 
corresponding  to  the  counter  reading  will  be  generated  in  the 
output.  The  microsecond  delay  introduced  between  each  E  grid  can 
be  provided  by  delay  lines  with  amplification  as  needed  to  balance 
the  progressive  attenuation. 

The  reading  pulse  can  be  initiated  by  the  fall  of  the  add 
or  subtract  gates  of  the  counter,  so  that  a  new  number  is  sent  out 
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whenever  the  counter  reading  changes.  This  feature  necessarily 
lengthens  the  time  that  must  he  allowed  between  input  pulses  to 
the  counter o 

An  alternative  method  of  generating  a  ecanning  pulse  for 
each  stage  is  shown  in  Figure  9°  The  E  tubes  are  connected  as 
they  are  in  Figure  S.  The  FG  tubes  are  Eccles-Jordan  pairs. 

Each  F  tube  receives  negative  "clock"  pulses  of  0,2  microsecond 
duration  at  microsecond,  intervals  from  the  synchronizing  system 
of  the  computer.  These  pulses  normally  keep  all  F  tubes  non¬ 
conducting,  0  tubes  conducting.  When  the  counter  is  to  be  read 
a  single  poeitive  pulse  is  applied  to  the  gr'  of  Y9»  This 
triggers  the  first  pair,  turning  700  off.  The  next  clock  pulse 
turns  VOG  on  again  and  the  fall  of  its  plate  voltage  is  transmitted 
t j  the  grid  of  710  as  a  negative  pulse.  This  triggers  the  71F-710 
pair.  V10  remains  off  the  the  microsecond  interval  between 
clock  pulses  and  as  it  returns  to  the  on  state  72F-72G  is  triggered. 
In  this  way,  the  F  tubes  are  successively  turned  on  for  micro¬ 
second  intervals.  As  each  F  tube  returns  to  its  normal  off  state 
the  rise  of  its  plat 4  gives  the  required  positive  ecanning  pulse 
to  the  corresponding  E  tube  grid. 

A  5  stage  reader  has  been  constructed  and  operated  with  the 
constants  shown  in  Figure  9,  The  circuit  is  quite  critical  to  the 
characteristics  of  the  clock  pulse,  and  difficulty  is  experienced 
with  the  tendency  of  later  stages  to  trigger  previous  ones.  A 
low  impedance  clock  pulse  source  and  careful  shielding  between 
stages  should  increase  the  reliability,  and  some  modification  of 
the  constants  is  also  probably  desirable. 


\  £ 
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OTHEE  APPLICATIONS 

The  pulee  generator  can  be  operated  in  conjunction 
with  a  reversible  decade  counter  and  visual  indicator  of 
the  type  developed  by  Regener*,  The  method  then  constitutes 
a  substitute  for  a  selsyn  indicating  system,  with  the 
advantages  of  lower  associated  inertia  and  higher  Bpeed 
possibilities,, 

The  method  can  be  adapted  to  provide  precise  continuous 
indication  of  linear  displacement e,  Either  optical  or 
supersonic  interference  fringes  are  suitable  to  Berve  as 
the  discrete  increments  counted*  A  directional  sense  is 
obtained  if  a  90°  phase  difference  is  introduced  between 
the  fringe  systems  that  produce  signals  on  the  two  input 
grids  of  the  pulse  generator* 


% 


♦  V.  H.  Regener,  Rev,  Sci.  Inst,  17,  p375,  1946, 
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binary  figure  o  (0  to  265)  c..ro  provided  by  eight;  ca n  opc  ate 
cam  diace  are  mounted  ia  nets  of  four  c.u  two  oluftri,  T',9  < 
van:co  the  switches  .16  digit o  per  revolution,  '••ho  second  t 
to  the  fir  at  by  a  mechanical  carry-over  pinion  ,md  advancer 
each  revolution  or  tho  first  shaft.,  tfnllo  the  ;oC<-nd  o!iaf t 
biovob  a  %  tho  aamo  speed  a:>  tho  .first  shaft, 


'i’o  avoic  ambiguity  at  the  trjjti.o.lt  ion  udgc>s 
posnlble  reasonable  toleranceo  for  their  alignciunt)  f 
inactivated  at  each  ;ranaf  tlon  position  ^>y  neanj  of  i 
l  igure  fi  shown  the  phasing  of  tho  cans  and  olaujeiu..; 
Elaiking  occur n  over  half  tho  area- 

iho  circuit  schematic  in  shown  in  Figure  3 
the  reopective  digit  switch  b b  of  each  paraHotsr  a vs  i 
n  gate  tube  Tho  input  sides  of  all  digit-  switches  l 
are  common  and  connected  through  the  blanking  switch 
read  tho  numbers  a  gate  voltage  ia  appl i o d  succ(< soIti 
aacii  paraoeter  in  turn..  Tho  numbers  are  placed  ijucci 
poc  ilvo  storage  registers. 


Assuming  the  control  knob  can  bo  turned  ?>  nari-snun  velocity  of 
1  ittn/pec  or  32  digA«<s/soc»  thp  laiulrouit  time  fc-j  a  bl^j:'  J.ng  dino  Beginon 
vili.  bo  l/64  noon  Allowing  100  to  road  »,;oh  number,  the  reeding 

repetition  rate  per  paramo  tor  could  3a  1/200  boo*  Thun  t.  ny  charge  .in 
number  would  always  be  detected.-. 


i/e.'aoraucluit  K  99 


'i.'ha  suc.CRafi  of  the  Method  clear'.1./  dopendn  ou  51k  raliahllifcy , 
llfop  and  ijtoecl  i>o sail) Hitler  of  tbs  iwitchae.  ^he  unit  co..).d  probnbly  ;>» 
ae  37.gn.od  a-3  a  wtwJLl  compact  u.ai  - ,  Sono  iaveatig&Uoi]  >:!  txr.sh  contacts  and 
can  operated  owi tehee  geo;na  warranted,  after  which  dontgn  o:  i>o  Mjechnai cal 
parts  for  a  modal  couLl  9a  undertaken. 


Other  methods  aeom  likely  to  require  calibre 
at  loiifli  a  ono  Uie  circuit  at  each  perawotor  station  - 


hob  Ihrcrett  point o  out  that  tbo  blanking  method  dr.  scribed  jb o  r 
re  quire  o  too  frecusnt  adniaoion  to  etc  r  ago  •  Ho  Buggoava  t)u  l.  the  blankln/; 
switch  Inatead  uenniot  of  a  double  throw  tsvltcU  wldcln  i.'orvci:  tc  uoleot  ' 
which  of  two  note  of  numb  or  owit,oh.ss  ere  to  bs  road*  the  t«o  aete  being 
slightly  displaced  In  phases 


H«  Wiestr 
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Bo  S„  Rich 


Subjects  Motes  on.  Visit  to  Moor®  School,,  University  of  EennsylvanJ 


.a 


Date  f 


on  September  30  194? 
September  9f,  194? 


X  Earno  se  of  V 1  sl'i 


2o  Magnetlfi  Bo cor dim' 


ao  iRo  suite  of  Ho  search  gh  the  Moore  School*  Up  to  the  pro  non'!  tits®,,  the 
research- program  on  magnetic  recording  at  the  Moore  School  has  boon  directed  toward 
development  of  a  satisfactory  recording  method  for  uc©  with  the  El)VAGn  e<>  the  r^.-. 


omits  achieved  represent  a  complete  working  system  rather  than  the  ultimate  In  the 


design  of  such  equipment* 


in  the  BBVACo  magnetic  recording  media  are  to  be  used  in  the  inpat 
and  output  devices*  The  principle  features  of  the  magnetic  recording  system  J.u 
those  devices  are  as  follows s 


'Recording  Medium 


Plated  wire  TOmfaeturad  by  the  Brush  B-avslopmunt 


Company*. 


Drive 


Capstan  drive  coupled  to  an  induction  motor  by  u. 
clutch  system*  Simple  servos  will  ha  used  to 
turn  the  feeding  and  tafcs-»up  reels  and.  maintain 
the  proper-  amount  of  tans  .to  a  in  th®  wire* 


The  purpose  of  the  visit  to  the  Moor®  School  was  to  discus.®  the  usa  of 
^aS^atlc  ra cording  as  a  storage  medium  in  slsctronio  compute  re-  The  disci -ssion." 
out  hie  subject  took  place  with  Dr*  Gimaa  Chn  and  Mr*  Sb&rplease  Hr*  Jo  itph,  GhetJa^r 
alav  discussed  mm  of  hi  a  work  on  mercury  delay  lines  used  for  high  epoch  ‘storage 


1 


Heads 


A  single  head  design  is  used  for  tha  three  fun*  tl  oas.fi 


of  ©rasing,  recording  and  playback*  A  single 
ring-shaped  lamination  of  Mo-Permalloy  has  baeu 
selected  as  the  host  type  of  cor s  for  those  heads. 


6346 

Memorandum  .101 


September  9„  19-4? 


Becorded  Signals  -  Poises  are  recorded  at  the  rate  of  3000  dss 

a  spacing  on  the  wire  of  40  pul  so  ®  par 
;Tehu  Positive  and  negative  unities  s a'e  used 
to  represent  the  two  binary  digits,  A  Marker 
pnlae  of  the  order  of  a  half- inch  in  length 
is  recorded  at  the  end  of  each  word, 

Wlr<)  Mpeecv  -*  A  wire  ape  ad  of  50  inches/ esc  1b  to  "bo  need  In 

all  operations  in  both  the  input  and  the  output 
devices  exspt  when  reading  information  out  into 
tho  printer ...  For  this  operation  &  gpeotl 
sufficiently  low  bo  as  to  match  that" cf  the  print* 
will  be  usodc 

f.  lh@  mln  considerations  in  the  selection  of  the  recording  medium 

*  rcquireaentoo  recording  performance  of  the  magnetic  material* 

,  aYaAlat,iilty  ^  thle  material.  Since  information  ic  to  be  fed  into  and 
race  vo  Tom  th®  .computer  in  serial  fashion,,  n  single  channel  recording  such  us 
maj  he  obtained  on  a  wire  is  sufficient,  She  performances  of  various  Magnetic  " 
materials  were  indicated  by  the  .results  of  tests  conducted  by  I.V„  f.hu  on°sever-l 

Brus?i  5?ted  ffGE10  r’fOTit8  ars  Bh0vm  in  the  attached  table.  Although  the" 
i  d  ,?008  n0’'  give  th®  hl«t88t  resolution  of  pulsed  signals*'  it  was 
selected  because  ic  gives  a  relatively  high  output  level,,  has  very  uniform  mes-not-tc 

"  rill  Of"  r  10  Cort™17  tcn*1AU  at  Spools  containing  aK 

d  miles  of  wire  aro  to  be  usedr, 

...  ,  "*  oiotch  system  to  control  the  drive  cap  star,  is  tc  bo  used  for  re  tf«d 

starting  and  stopping  of  the  wire,  She  clutch  performance  le  euch  that  the 

m^tor  pul"®5  tte®n  l3r°U£ht  up  t0  °P0efi  again  within  the  length  of  the  recorded 

iwiri**  ,  A  ®.infls  h9ad  de<5lSn  fc,r  erasing,  recording,  and  playback  was 
decided  upon  so  that  recordings  may  be  mads  for  either  direction  of  wire  motion 
*™?o”Set0  8^®®  will  contain  two  such  heads,  one  for  erasing  and  the  other  for 
fr  pl«yback..  To  reveres  the  recording  direction,  it  is  neceoaary 
merely  to  Interchange  the  function  of  the  respective  heads  by  electrical  switching 

_  -  n  , .  Eh®  ?holc®  of  40  P®r  inch  as  the  puls©  spacing  on  the  wire 

rather  chan  a  greater  number  which  the  table  shows  is  possible  was  dictated  by  te, 
necessity  i or  reading  into  the  printer  at  low  speeds-  The  longer  uu3 se  length 

*ta£Lk  pr^eL!3”1  •**"*  *  *  ralri,4“Jto«  <*«»  »  output  in  «*., 

_ ~  „  A  pulse  at  the  end  of  each  word  io  to  b®  used  so  that  the 

recorded  information  with  respect  to  the  playback  head  is  known  at  all 
if  U  J «  S  m0B!  Par  tIUS  recordad  information  is  to  be  used  in  sequence*  but, 

hv  Ty  r  urf  t0  a  pr®viws  word  in  the  sequence  this  word  may  bo 

■located  by  counting  the  marker  pulses.  With  the  clutch  system  used,,  it  WB  found 


’‘T  .'  ■'■•I  -r,r->yy,  v-l  ....  V  ■  y  >7  1 .  •  •  ■  ■ •■;  ."• 

. — L. 
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that  there  was  an  optimum  wire  speed  for  most  efficient  uso  of  the  storage  medium  a 
Since  the  time  required  to  stop  and  start  the  wire  ie  a  function  of  wire  speed,, 
the  marker  pulse  length  and  hence  the  ratio  of  marker  pulse  length  to  word  length 
ie  also  a  function  of  wire  speed  Consideration  of  this  factor  resulted  in  the 
choice  of  the  wire  speed, and  the  marker  pulse  length  previously  stated-, 

A  special  circuit  is  to  be  used  in  the  jBPYAO  for  reading  information 
from  the  wire*  The  details  of  this  circuit .were  not  discussed  but  the  principle  was 
stated*  Because  of  the  differentiating  action  of  the  playback  haadn  the  voltage 
generated  in  this  head  by  recorded  pulse  signals  has  the  wavs  shapes  shown  below.- 
Both  positive  and  negative  pulses  are 


Recording  Pulse 

— - «~l 

j — 

l _ 1 

Output  Voltage 

_ 

„h_ 

—  y 

produced  for  a  single  recorded  pulse  >  The  reading  circuit  consists  of  flip-flops 
that  aro  triggered  by  the  first  of  the  pair  of  output  pulses  but  arc  insensitive 
to  the  second  of  those  pulses*  The  us©  of  an  integrating  circuit  to  obtain  single 
output  pulses  caused  too  great  an  attenuation  of  the  signals  to  bo  practical* 

bo  High- Sue  ad/  Bui  as  Recording,-  Dr,-,  Chu  stated  that  ho  hoped  to  be  able 
to  start  a  program  of  research  on  high-speed  pulse  recording  in  the  near  future  . 

Par  this-  work  he  plana  to  us®  a  metal  cylinder  plated  with  a  layer  of  magnetic 
material  for  hie  recording  medium,  it  ie  his  opinion  that  heads  cannot  b®  in 
contact  with  t.hs  medium  for  operating  speeds  greater  than  about  10  ft/soo  without 
causing  excessive  wear  either  of  the  heads  or  of  the  medium  itself  *  A  greater 
recording  gap  length  is  noons?, ary  when  heads  are  spaced  away  from  the  medium  so 
poorer  resolution  must-be  expected,  For  heads  spaced  Ch-QCi'1  away0  the  number  of 
pulses  that  can  ta  re  corded  per  inch  might  b-3  about  75  f>  of  the  number  that  could 
bs  recorded  with  the  heads  in  contact  with  the  medium,  St  was  his  understanding 
that  the  lust i tut©  of  Advanced  Study  in  conducting  its  research  on  this  subject 
has  obtained  a  recording  rate  of  50 „ 000  pps  with  an  operating  speed  of  about  50  ft/ see. 

3 »  Mercury  Belay  Line  a 

Hr*  Cha  tinker  demonstrated  his  equipment  for  high  speed  storage  in  the 
BDVAC  using  a  mercury  delay  lias  and  diecuso-sd  some  of  the  features  of  the  line 
and  its  associated  circuits.,  The  delay  line  consist©  of  a  column  of  mercury 
■22  inches  long  and  3/8  inch  in  diameter  contained  in  a  glass  tube  with  a  quarts 
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crystal  mounted  In  each  end  of  the  tuba  .  The  «' pulse  pocket"  applied  to  the  tube 
consists  of  two  cycles  of  a  5  megacycle  frequency  generated  by  applying  a  puls® 
to  a  ringing  circuit,  In  traversing  the  tube,,  the  packet  is  greatly  attenuated 
and  is  slightly  spread  out,,  i*®*  it  contains  mere  than  two  cycle n*  The  output 
voltage  from  the  line  hao  approximately  the  wav©  chape  shewn  Valov 

— W]/K — 

Most  of  the  attenuation  occurs  in  the  oryetal  transducers ■>  There  is  a  30  db  Ices 
in  each  crystal  and  6  db  loss  in  the  m rcury  column  Itcalf  The  output  packet  is? 
amplified,  rectified,,  reshaped*  and  than  fed  back  to  tie  ringing  circuit  to  cause 
another  pulse  packet  to  be  sent  down  the  delay  lino..  In  this  way  1 1  may  be  re¬ 
tained  as  long  as  desired* 

The  22- inch  line  produces  a  delay  of  2136  p.s  r.o  that,  for  the  one  mega¬ 
cycle  repetition  frequency  uaod  in  the  KDVAC,,  256  pul  sen  may  be  stored  in  such  a 
lino, 


4  o  General 

Mr*  Chedaker  stated  that  they  are  looking  for  a  better  method  of  coupling 
between  stages  in  the  electronic  circuits  in  the  delay  line  demonstration  a  con¬ 
siderable  change  in  pulse  wave  shape  was  evident  as  the  spacing  between  pul bob  was 

varied  from  l  pa  to  266  p s. 

A  email  model  of  the  EPVAC  :had  been  built  up  in  the  laboratory  and  wn« 
used  for  testing  the  various  components  of  the  computer  However,,  it  was  not 
operating  at  the  time  of  this  visit*  It  was  understood  that  the  design  of  the 
EDVAC  has  been  completed  and  that  the  computer  will  have  been  constructed  by  the 

first  of  1948* 
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FOREWORD 


The  following  report  contains  a  survey  of  the  field  of  magnetic 
a  summary  of  the  work  don*-  in  this  field  in  the  Center  of  Analysis  at  M„I 
September  1946  to  June  1947,  and  recommendations  for  further  experimental 
The  purpose  of  tho  wo rk  was  to  investigate  magnetic  recording  as  a  means  : 
information  for  electronic  commuting  machines 
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Work  Don 3  to  Da to 

(Jo  to  the  ■ore sent  time,  the  investigation  of  magnetic  recording 
systems  for  storage  purposes  has  covered  only  some  preliminary  stages  o i 
construction  of  test  equipments  design,  of  recording,  playback,  and  erasing 
heads,,  and  comparison  of  different  types  of  recording  media.  -This  pre¬ 
liminary  work  was  undertaken  .to  determine  the  host  recording  medium  and 
the  best  system  design  for  testing  various  storage  methods e  . Since  a  max¬ 
imum  number  of  words  "per  unit  length  of  the  medium  is  desirable  for  effic¬ 
ient  storage,  the  uuner  frequency  limit  of  a  recording  for  a  given  linear 
speed  of  the  medium  was  taken  as  a  measure  of  the  system  p erf orman co, 

The  recording  equipment  used  was  designed  and  constructed  in  the 
laboratory ,  It  consisted  of  pulleys  arranged  on  a  panel  to  hold  a  short 
loop  of  a  recording  medium  and  draw  it  at  a  uniform  speed  over  the  erasing, 
recording,  and  playback  heads.  Suitable  amplifiers  connected  to  those 
heads  allowed  the  recording  and  reproduction  of  continuous  sinusoidal  signals . 
Six  different  recording  media  were  tested,  three  of  thee©  being  paper  or 
cellulose  acetate  tapes  coated  vdth  a  powdered  magnetic  material  and  the 
others  being  solid  metal  tapes «  A  tape  speed  of  311  /aoc  was  used  in  all 
testa-., 


All  of  the  heads  were  of  ring-typo  cor©  construction,  since  such  cores 
permit  record' eg  of  higher  frequencies  than  is  possible  with  other  types®  They 
were  oriented  so  as  to  produce  longitudinal  magnetization  in  the  tapes® 
Demagnetization  by  means  of  a  5Q-K0  field  accomplished  the  erasing  Process, 
and  a  high-frequency  bias  in  the  recording  head  provided  a  minimum  of  ampli¬ 
tude  distortion  in  the  recorded  signal®  Thee©  methods  were  chosen  instead  of 
erasing  by  saturating  the  medium  and  using  a  d-c  bias  to  provide  a  linear 
characteristic  because  of  the  higher  s 1  gnal  - t o-noi sa  ratio  obtainable c 

In  articles  in  the  literature  it  has  been  shown  th-t  a  high  residual 
flux  deneity  in  the  recording  medium  gives  high  output  at  low  frequencies, 
while  a  high  coercive  force  contributes  to  a  high  output  at  high  frequencies ® 

The  Ideal  response  of  the  system  for  a  constant  recording-signal  current  is 
an  output  voltage  proportional  to  frequency®  However,  at  high  frequencies  the 
output  voltage  decreases  rapidly  because  of  self -demagnetization  in  the  medium p 
demagnetization  caused  by  leakage  flux  around  the  working  gap  of  the  recording 
head,  decreased  flux  penetration  in  the  medium  as  a  result  of  skin  effect,  and 
a  decrease  in  flux  linkages  through,  the  Playback  head  because  of  its  finite 
air-gap  width..  Self-demagnetisation,  is  a  function  of  the  slope  of  the  demag¬ 
netizing  portion  of  the  S-H  curve;  therefore  the  ratio  of  residual  flux  density, 
B-^,  to  coercive  force,  HCo  has  been  described  as  a  figure  of  merit  for  the,  high- 
frequency  response  of  a  given  medium For  a  low  Bjj  to  Hc  ratio,  si  elf--  dema.gne  t ---- 
ization  is  lees  and  the  output  at  high  frequencies  is  greater® 

©©magnetization  caused  by  leakage  flux  at  the  recording  head  is  mini  * 
mi'..eo  by  using  a  core  material  with  the  highest  permeability  uossiblo  at  the 
flux  densities  involved  ana  recording  with  the  minimum  flux  density  consistent 
with  output  requirements* 

I 

Hysteresis  loops  end  frequency  response  curves  were  plotted  for  the. six 
magnetic  tanes  previously  mentioned.  Tho  be it  high-frequency  reenonno  wae  ob¬ 
tained  from  one  of  the  oowder*coated  tunes  which  had  &  coercive  force  of  about 
350  oersteds  and  the  lowest  B^  to  Hc  ratio,  which  wa  ■-  about  2.-2®  The  difference 
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in  response  botwoen  solid  motel  tapes  and  coated  ouoa,  hows  /er was  not 
wholly  indicated  by  this  r&tio  ■>  ?or  example ,  a  solid  tap©  having  an  Hc 
of  215  oersteds  and  Bp  to  Ec  ratio  of  23  gave  approximately  the  name  high 
frequency  response  as  a  coated  tape  having  an  Hc  of  ISO  oersteds  and  a 
Bp  to  Hc  ratio  of  5e4,>  In  general  a  high  coercive  force  in  desirable  in 
a  magnetic  recording  medium,  but  this  value  is  limited  to  about  400  ooroteds 
because  of  the  difficulty  of  producing  sufficient  MM?  in  the  heads  fox* 
erasing  and  recording* 

Operating  with  optimum  values  of  signal  and  bias  currents  fox*  good 
high'- frequency  response 0  it  wao  found  that  the  boot  powder-coated  tape  u&b  ono 
obtained  from  Minnesota  Mining  and  Manufacturing  Company  end  the  beat  solid 
metal  tapes  were  Yicalloy  and  the  Brush  Development  Company4  a  plated  tapo, 
the  latter  two  giving  approximately  equal  results.,  The  Vlcallty  tape  is  a 
homogeneous  metal 6  whereas  the  Brush  plated  tare  has  a  thin  magnetic  plating 
on  a  brass  atrip,,  Assuming  a  minimum  aignal«»to~noise  ratio  of  25  cib  as 
defining  the  upper  frequency  limit  of  recording,  it  was  observed  that  the 
MMM  powder-coated  tape  allowed  a  maximum  of  about  1200  cycles  per  Inch  of  tape,, 
while  the  Vicalloy  and  the  Brush  plated  tape  each  allowed  about  BOO  cycles  per 
inch , 

Re  c  o  mmonda  t  i  one,  .for  Fu  rthor  Exp  er  1  men  tal  do  rk  e 

The  beat  method  for  utilising  a  magnetic  recording  medium  for  storage 
of  information  must  be  determined  by  further  re search »  Since  the  speed  at  which 
the  medium  in  driver,  governs  the  rate  at.  which  information  can  be  recorded  and 
removed,  this  speed  should  bo  as  high  as  possible*  The  limit  in  this  respect 
would  be  set  by  the  mechanical  considerations  of  strength  of  the  medium,  wear 
on  tha  heads  and  on  the  medium,,  end  maintenance  of  uniform  contact  between  the 
heads  and  the  medTura0  Based  on  reports  of  work  at  other  institutions,  a  speed 
of  50  to  100  feet  per  second  should  bo  p I’actl cable * 

Pulse  signals  instead  of  modulated  sinusoidal  signals  'should  be  investi¬ 
gated,  It  is  reasonable  to  assume  that  a  discrete  pulse  can  be  recorded  on  the 
eanvti  length  of  tape  or  wire  that  would  be  required  for  the  minimum  number  of 
cycles  of  a  .sinusoidal  signal  that  would,  excite  the  circuits  of  the  reading  equip¬ 
ment  o  On  the  basis  of  the  reopons©  figures  stated  above,  about  200  pulsar,  per 
inch  might  be  recorded*  In  addition,  tha  use  of  pulse  (signals  would  greatly 
simplify  the  design  of  the  recording  and  reproducing  circuits* 

Means  for  improving  head  design  should  be  studied*'  A  determination  of 
the  leakage  field  around  the  recording  head  would  be  particularly  helpful  in 
selecting  the  core  material  and  method  of  core  construction*  \)?or  high-speed 
operation  a  ring-type  erasing  head  could  not  be  used,  so  an  alternate  tyue 
would  have  to  be  designed  and  tested*  The  windings  on.  the  recording  and  play¬ 
back  heads  also  would  have  to  be  designed  for  the  high  frequencies  or  short 
pulses  -  used. 

Multichannel  recording  on  a  flat  tans  is  feasible,  and  possible  appli¬ 
cations  of  this  method  of  recording  to  computer  problems  should  be  determined a 
By  using  heads  with  thin  cores,  the  desired  narrow  recording- paths  may  bo 
obtained.,  In  a  commercial  disk  recorder  manufactured  by  the  Brush  Development 
Company  a  spiral  path  is  used,  giving  the  equivalent  of  40  channels  Per  inch* 
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Means  for  locating  a  particular  place  .of  recorded  iaforaation  are 
e  scent  in  I  in  co;,nuber  applications  ,  Thin  or  oba'bly  will  have;  to  be  done  by 
recorded  marking  and  ejrachroniKing  signals  which  govern  the  driving  mechan¬ 
ism..  The  way  in  which  this  control  may  he  obtained  is  a  problem  in'  electrical 
and  mechanical  design  which  might  be  solved  by  the  applies 1 1  ‘-n  of  sorvorceefc- 
aniani  orincipleo  or  by  a.  suitable  -arraagG-saont  of  clutches «  Multichannel 
recording  offers  certain  advantages  ov«r  single-channel  recording  in  the  sol¬ 
ution  of  these  problems?  with  nrultichatuiol  recording  more  Information  can  be 
stored  on  a  given  length  of  the  medium,  so  that  less  movement  of  the.  medium  is 
required  to  locate  and  reproduce  the  information* 

/ 

1)1  SG  US  31  OR 
♦ 

The  Mature  of  a  Magnetic  Recording. 

M 

A  recording  on  a  magnetic  medium  such  a«  £  wire  or  tape  consists  of  • 
variations  in  the  intensity  of  magnetization  along  the  medium.  These  variations 
in  intensity  of  magnetization. are  usually  produced  by  drawing  the  recording 
medium  at  a.  uniform  speed  past  the  role  pieces  of  a  recording  head  ancl  varying  the 
magnetomotive  force  of  this  recording  herd  in  the  desired  manner,.  To  reproduce 
the  recording,  the  medium  is  dr  aim  past  tha  pole  pieces  of  a  playback  head,  and 
the  change  of  flux  linkages  induces  a  volt ego  in  thin  head  corresponding  to  the 
signal  impressed  on  the  medium,  A  recording  maybe  erased  or  removed  from  the 
medium  simply  by  passing  it  either  through  a  strong  unidirectional  magnetic 
field  which,  saturates  sll  portions  of  the  medium  or  by  passing  it  through  a 
strong  alternating  field  to  demagnetize  it,  A  comparison  of  these  methods  of 
erasing  will  be  made  in  a  following  section, 

Tyoes  of  Magnetic  Recordings 

Magnetic  recordings  may  bo  classified  into  three  types  depending  on 
how  the  magnetizing  field  is  applied  to  the  mediums  (l)  longitudinal,  (fl)  per¬ 
pendicular,  and  (3)  transverse,  in  which  the  magnetising  MMF  gradient  ie  re 8" 
nectivfily  along  the  length  of  the  medium,  along  the  thickness  dimension,  or 
along  the  width  dimension  as  shown  in  Fig,  1,  For  a,  round  wire ,  perpendicular 
and  transverse  recordings  are,  of  course,  identical. 


Tyoes  of  Head  Construction 


In  order  to  evaluate  these  types  of  recordings,  some  knowledge  of 


recording  and  playback  head  construction  is  necessary. 


few  general  tyoes  of 


core  construction  are  shown  in  Fig,,  2 .  It  is  seen  that  these  may  have  open  or 
closed  magnetic  circuits  and  my  have  cole  tine  on  one  or  both  sides  of  the  medium* 
The  designs  of  Figs,  2(a)  and  2(b)  are  applicable  tc  -transverse  as  well  as 
perpendicular  recording  merely  by  changing  the  orientation  of  the  pole  nieces  so 
that  they  contact  the  edges  of  the  medium  rather  than  top  and  bottom.  The 
designs  of  .Figs,  3(a)  and  2(b)  may  also  be  used  ffcr  longitudinal  recording  by 
shifting  one  nolo  piece  slightly  along  the  longitudinal  axis  of  the  tare  as  in 
Fig,  3(b).  The  ring  type  core  of  Fig.  2(c)  is  used  primarily  for  longitudinal 
magnetisation , 

Comparison  of  Types  of  Recordings  and'  Types  of  Heads  . 

Longitudinal  magnetization  is  used  almost  exclusively  in  present-day 
magnetic  recording  equipment.  The  chief  reason  for  this  is  that  the  ring-typs 
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core  \  ith  a  vary  small  air  gan  allows  a  signal  of  shorter  wavelength  to  be 
recorded  and  reproduced  taan  is  nos a  Ibis  with  other  tyres  of  core  construction, 

B 

An  air-gen  length  of  0„0005''  is  easily  obtained  with  ring-type  cores B  For 
perpendicular  or  transverse  recording,  core  construction  of  the  tynea  of  Figs.,  2(a) 
and  2(b)  is  necessary  and  the  shortest  wavelength  that  can  he  recox’ded  is,  to  a 
first  approximation  at . least ,  limited  by  the  thickness  of  the  pole  pieces.  To  ho 
mechanically  rigid  these  pole  nieces  must  be'  of  the  order  of  a  few  thousanths  of 
an  Inch  thick,  so  the  shortest  recorded  wavelength  is  several  times  that  obtain¬ 
able  with  the  ring-type  core.  This  comparison  is  evident  from  Figs,,  K(a)  and  f5(c)„ 
The  fact  that  solid  metal  recording  materials  are,, more  easily  magnetised  in  the 
direction  of  rolling  or  drawing  and  that  the  ring-typo  head  allows  easy  removal 
of  the  tape  or  wire  and  does  not  require  adjustment  are  further  reasons  for  the 
use  of  longitudinal  type  recording.  From  a  practical  point  of  viow,  a  perpend¬ 
icular  or  transverse  recording  in  the  case  of  a  wire  recording  material  is  ruled  out 
by  the  tendency  for  the  wire  to  twist  as  it  is  drawn  past  the  heads. 

Methods  of  Recording,? , 

The'  residual  flux  which  constitutes  the  recording  on  a  magnetic  material 
is  related  to  the  MMF  of  the  recording  head  by  the  familiar  B-H  curves?  of  that 
material,  so  thi3  relation  can  be  considered  linear  only  ov*-r  a  restricted  rang®. 

In  recording  systems  whore  amplitude  distortion  of  the  reproduced  signal  must  bo 
kept  to  a  minimum,  it  ia  necessary  to  use  a  ‘"biasing”  MMF  in  the  recording  process 
to  ensure  that  the  desired  linear  transfer  characteristic  is  obtained.  Prior  to 
about  194-2,  the  recording  method  in  use  employed  a  constant  unidirectional  biasing 
MMF  in  the  recording  head  and  a  recording  medium  that  had  been  saturated  in  the 
erasing  process  by  a  unidirectional  magnetic  field.  The  erasing  process  leaves  all 
portions  of  the  medium  with  a  flu;;  density  as  shown  in  Fig*  4*  The  biasing 
MMF  is  of  the  proper  magnitude  and  direction  to  reduce  the  flux  density  in  the 
portion  of  the  medium  at  the  pole  pieces  of  the  recording  head  to  the  value  indi¬ 
cated  by  point  P  of  the  byoteresis  loop  of  Fig*  4,  If  a  signal  MMF,  H(t) ,  is 
superimposed  on  the  biasing  tlMF,  Ii, ,  the  amount  by  which  the  flux  density  of  a 
given  element  of  the  medium  is  reduced  is  determined  by  the  total  MMF  in  the 
recording  head  at  the  time  that  element  is  at  the  pole  pieces  of  the  hood.  If 
the  minimum  MMF  is  Ph  and  the  maximum  is  H„,  the  flux  density  of  successive  elo« 
meats  will  bo  lowered  to  values  corresponding  to  points  between  M  and  U  .on  the 
B-H  curve  of  Fig,  4 ,  When  the  tape  elements  leave  the  recording  head  the  applied 
MMF  drops  to  zero  and  the  residual  flux  density  rises  along  minor  hysteresis  loopo 
to  correeponding  values  between  M8  and  IT5 »  By  Proper  choice  of  biasing  MMF  and 
signal  amplitude,’  then,  an  approximately  linear  relation  between  signal  and 
recorded  flux  may  be  obtained. 


About  1942  a  recording  method  ample 
bias  was  adopted.  This  method  permits  record 
the  noise  level  of.  the  output  is  much  less  th 
maximum  signal  amplitudes  are  approximately  e 
merit  in  .signal~to~noiso  ratio  has  resulted  in 
high-frequency  bias  where  minimum  non-linear 
noise  ratio  of  50  db  with  only  a  few  percent 
method  of  recording.  Bias  frequencies  used  J 
ment  are  In  the  range  from  20  ICC  to  60  KG, 


ying  a  high-frequency  or  supersonic 
lag  on  a  demagnetized  medium,  so  the i 
m  for  n  saturated  medium,  while  the 
ciual  ^in  the  two  cases.  This  improve- 
almnst  universal  adoption  of  the 
distortion  is  desired,  A  signal  •■'to- 
distortion  is  practicable  with  this 
n  commercial  sound  recording  equip- 
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A  complete  theory  of  recording;  on  a  Magnetic  me  cl  linn  by  the  sigh-- 
freouency  bias  method  tea  not.  been  published.  Such  a  theory  would  involve 
consideration  of  magnetic  skin  effect,  the  finite  width  of  pole  pieces  or 
recording  air  gape,  demagnetisation  in  the  medium,,  and  leaicage  flux  about 
the  recording  head.  However,  a  qualitative  explanation  of  the  recording 
process  neglecting  these  effects  is  easily  made.  Assume  a  bias  freonancy 
of  30  KC,  a  signal  frequency  of  1000  cps,  a  tape  speed  of  10” /sec,  and  a 
recording  air-gap  width  of  0  c001”  „  For  this  case  any  element  of  the 
recording  medium  is  in  the  recording  gap  for  lOOyjyjee  or  3  cycles  of  the 
bias  MMF.  The  total  MMF  applied  to  an  element  of  the  recording  medium  is  the 
instantaneous  3tun  of  the  signal  and  biab  MHF*s  as  shown  in  Fig,  5(a)  „  The 
bias  MMF  amplitude  is  approximately  that  reauired  to  just  pass  the  lower  knee 
of  the  magnetization  curve.  An.  element  of  the  medium  in  passing  the  gap  of 
the  recording  head,  then,  is  subjected  to  an  MMF  which  forces  ths  flux  dens¬ 
ity  in  the-  medium  through  a  series  of  minor  hysteresis  loons  as  shown  in 
Fig.  5  (c),  (d),  and  (o).  These  figures  are  for  elements  of  the  medium  that 
enter  the  ga.p  at  times  i.\,  t.>c  and  respectively  (see  Fig,  5  (b)).  Upon 
leaving  the  gap  these  elements  have  he si dual  flux  densities  of  ,  .6  ,  and 
as  shown  in  the  figuros.  The  effect  of  this  high  frequency  bias  is  to 
remove  the  curved  portion  of  the.  magnetization  curve  at  the  origin  and  give 
a  linear  relation  between  signal  MMF  and  residual  flux  density ,  rt  should 
be  pointed  out  again  that  the  preceding  explanation  is  incomplete  since  an 
accurate  plot  of  residual  flux  density  against  signal  MMF  would  show  a  com¬ 
ponent  of  the  bias  frequency  present.  In  practice  this  is  not  observed  prim¬ 
arily  because  of  the  effect  of  deimgnfi'ti nation  in  the  medium.  This  effect, 
which  will  be  discussed  later  in  connection  with  magnetic  properties  of 
recording  media,  causes  elements  of  the  medium  having  a  length  that  is  small 
compared  with  thickness  to  be  brought  to  essentially  the  same  residual  flux 
density,  so  that  the  bias-frequency  component  is  loot. 

Signal  Reproduction 

The  reproduction  of  a  signal  that  has  been  recorded  on  a  raa^fcetic 
medium  is  essentially  the  same  for  all  types  Sind  methods  of  recording.  The 
types  of  core  construction  shown,  in  Figo  2  apply  to  playback  as  well  as 
recording  heads.  For  a  given  system  the  orientation  of  the  pole  pieces  or 
the  air  gap  should  correspond  to  those  of  the  recording  head  so  that  a  maximum 
number  of  flux  linkages  through  the  playback  head  winding  will  be  produced  by 
the  residual  flux  from  the  recording  medium.  It  lias  been  found  that  the  ring- 
type  core  is  superior  to  other  types  for  Playback  heads  for  the  same  reasons 
as  for  recording  heads. 


Erasing 

As  has  been  previously  mentioned,  a  recorded  signal  may  be  erased 
either  by  saturation  or  by  demagnetization  of  the  recording  medium.,  Saturation 
is  easily  accomplished  either  with  a  permanent  magnet  or  with  an  electromagnet 
of  a.  type  similar  to  one  of  those  of  Fig,  2,  For  this  purpose,  of  course, 
neither  narrow  pole  pieces  nor  a  aha rt  air  gap  :lo  necessary,,  An  obvious  method 
for  demagnetising  a  recording  medium  is  to  paps  it  through  the  center  of  a  coil 
in  which  alternating  current  is;  flowing 0  This  method  is  not  generally  used 
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however,  bacauee  shielding  of  the  recording  and  playback  head*  from  the 
high  laaka-'e  fluid  becomes  n  problem*  Pr  aont  practice  is  tc  use  e.  do  ed 
core  an  shown  in  Pig,  2(c)  having  mi  air  gap  of  0,0.101!  to  0»o;:o!'  in  contact 
with  the  recording  medium,  A  high-frequency  H  'F  of  etfficient  magnitude 
to  mi oe  the  flux  density  of  the  medium  to  saturation  is  applied  oc  the 
medium  while  it  ic  passing  this  air  gf*P*  As  the  tane  leaves  the  get>,  the 
flux  density  is  effectively  reduced  to  zero  by  the  demagnetizing  el  feet 
mentioned  in  connection  with  the  recording  process* 


Freouoncy  Response  of  a  Magnet  1  c  F.ocordlng_  Syp  oeau 

It  is  very  difficult,  If  not  impossible,  to  compute  thooretice-lly 
the  frequency  response  characteristic  of  a  given  magnetic  recording  -ys ..omc 
If  it  could  bo  assumed  that  a  constant  current  in  the  recording-heed  winding 
produced  a  constant  magnetizing  HKF  and  hence  a  constant  residual  ilux  c.en» 
slty  for  all  frequencies,  th*n  the  voltage  generated  in  a  ring-time  playback 
head  under  ideal  conditions  would  ba 

e  -  K, - ^ -  (0  ain  wt) 

dt 

“  f  <1>  coo  i&t 

This  correuponds  to  a  straight  lino  rising  6  db  o^r  octave  w.ien  output  voltage 
in  db  io  plotted  against  the  log  of  frequency  ne  shown  by  thr-  broken  line  :.n 
PigB  Go  Q?he  actual  response  from  a  typical -recording  syetom  lor  a  constant 
recording  current  falls  below  the  ideal  response  both  at  ..ovr  frequencies  and 
at  high  frequencies  as  shown  by  the  solid  curve  of  Mg,  6-  'He  droo  at  the 
low-frequency  end  occurs  when  the  wavelength  of  the  recorded  tigoal  is  com¬ 
parable  to  the  physical  dimensions  of  the  p lay  ha ck  heal.  By  reference  .o 
Figs.  7(a)  and  (b),  it  is  scon  tV-t  when  the  recording  medium  in  ic  a  position, 
to  produce  the  maximum  flux  through  the  playback  head,  only  n  fraction  of  tho 
total  flux  links  the  windings  for  long  wavelengths  while  substantially  *11  of 
the  flux  link*  the  windings  for  short  wavelengths.  This  results  in  a  dccreason 
output  voltage  for  very  low  frequencies* 

The  drop  In  output  at  the  high-f roquoncy  oud  is  duo  to  several  factors, 
the  major  ones  being  demagnetization  in  the  recording  medium,  leakage  field  • 
about  the  recording  head,  and  thf  scanning  effect  caused  by  the  finite  width 
of  the  air  gap  in  the  playback  head.  Magnetic  akin  of  .  ect  in  the  recording 
medium  end  eddy  currents  in  the  core  of  the  playback  hoad  may  olao  contribute 
under  certain  conditions* 

It  ie  well  known  that  ea  the  ratio  of  the  length  of  a  bar  magnet  to 
i  ,j  thickness  docreasoo,  the  field  at  one  end  of  the  nugiot  due  to  the  polo  at 
the  other  end  ijacreaees*  Thia  "oolf-demagnetination"  reduces  the  total  field 
strength"  At  high  frequencies,  then!  when  the  half -wavelength  oi  a  recorded 
signal  approaches  the  thickness  of  the  medium  a  similar  condition  exists  wnere 
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t  ho  soot  ion  of  the  medium  a  half -wavelength  long  Is  considered  as  an 
individual  magnet  ,  For  ‘a  magnetic  tane  0(iCO.'L"  thick  ruining  at  a  speed 
of  10  inches  tier  second,  the  frequency  having  a  half-wavelength  equal 
to  the  tape  thickness  is  5000  cycles  Per  second,. 

A  continuous  recording  of  a  sinusoidal  signal  may  he  considered 
as  a  series  of  magnets  each  a  1ml f --wavelength  long  with  like  poles  placed 
next  to  each  other.  For  this  case  the  field  at  any  point  is  a  resultant  of 
the  field  of  all  magnets  in  the  vicinity „  Aft  the  length  of  these  magnets 
decreases,  the  influence  of  neighboring  magnets  becomes  more  pronounced 
and  reduces  the  effective  field  of  an  individual  magnet.  The  magnitudes 
of  these  demagnetizing  factors  are  difficult  to  calculate  sinew  they  depend 
not  only  on  physical  dimensions  but  also  on  the  distribution  of  fho  magnet¬ 
ization  and  th*'  magnetic  properties  of  the  recording  medium t  However,,  it 
can  be  shovm  that  materials  of  high  coercive  force  and  low  real  dual  magnetism 
suffer  loss  demagnetization  than  materials  of  low  coercive  force  and  high 
residual  magnetism. 


The  flux  that  enters  the  recording  medium  from  a  ring-type  recording 
head  is  that  which  fringes  the  air  gap®  la  the  ideal  cage  this  flux  enters  the 
medium  only  in  the  area  that  is  between  the  ga/n  faces  as  in  Fig®  8(a) .  Actual! 
the  leakage  flux  around  the  recording  gap  spreads  beyond  the  gar  faces  and 
enters  the  tauo  on  either  side  of  the  gap  aa  shown  is.  Fig®  8(b).  It  is  evident 
that  if  the  direction  of  the  recording  MMF  is  reversed  before  a  magnetized 


element  of  the  medium  leaves  the  region  of  this  leakage  field,  the  element 
will  suffer  some  demagnetisation.  This  situation,  of  course,  exists  when 
short-wavelength  or  high-frequency  signals  are  being  recorded.  The  use  of  a 
core  material  having  a  high-saturation  flux  density  and  recording  with  aa  low 
an  MMF  as  Possible  heloa  to  minimize  demagnetization  by  this  leakage  field. 


The  decrease  in  output  as  frequency  is  increased  that  is  caused  by 
the  finite  width  of  the  air  gem  in  the  playback  head  io  readily  computed  to  'be 
the  function 


siuTT  .X. 


M  ~ 
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whore  3  :la  the  gap  width  and  X  is  the  wavelength  of  the  recorded  signal.  The 
loss  due  to  this  .effect,  however,  is  a  small  part  of  the  total  loss,,  For 
example,  a  signal  of  10  KC  recorded  at  a  sweed  of  10t!/soc  has  a  wavelength  of 
O.OOl1'  t  and  assuming  S  "  0.0005,:  the  value  of  the  above  function  in  %.  or  about 

»  *V*.'  *' 

a  do®  The  total  loss  under  these  conditions  is  normally  several  times  this 
value  « 


The  effect  of  eddy  currant 
recording  procees  and  in  the  core  of 


set  uo  in  the  magnetic  medium  during  the 
the  playback  head  during  playback  have  not 
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Wn.  evaluated.  If  the  operating  oneed  is  such  thr-t  very  high  frequencies 
are  recorded,  it  is  reasonable  to  assume  .that  some  loss  in  cutout  at  nign 
frequencies  occurs  ae  a  result  of  these  eddy  currents.-.  The  cores  of  olay*» 
back  heads  are  usually  laminated  to  minimize  eddy  current  losses  in  the 
reproducing  process,  Of  course  skin  effect  at  the  bias  x  requeue v  ± izaits  the 
penetration  of  flux  into  the  recording  medium,  but  this  causes  a  decrease  •'-& 
output  level  for  all  signal  frequencies  and  would  not  affect  the  shape  o  the 
response  curve. 

Requirements  in  a  Magnetic  Recording  System » 

The  design  of  a  complete  magnetic  recording  system  involves  con si  cl- . 
oration,  of  many  factors.  Certain  properties  in  the  recording  medium,  the  head 
and  the-;  drive  mechanism  are  basic  requirements,  while  the  nr- tonal o  useo.,,  the 
actual  form  of  the  equipment,  and  its  'operating  speed  are  determined  by  th>_  ^ 
particular  application  for  which  the  system  is  intended.,  from  the  informs  t  lost 
contained  in.  the  preceding  discussion  it  is  possible  to  enum ciute  some  of  chose 
requirements  * 

High  coercive  .force  and  low  residual  magnetism  are  essential  prop¬ 
erties  in  a  recording  medium,  where  maximum  high-frequency  response  or.  good 
resolution  of  pulsed  signals  is  desired*  However,  in  practice  coercive  .vorco 
is  limited  to  350  to  400  oersteds  by  the  difficulty  of  obtaining  sufficiently 
high  magnetizing  fields  in  the  recording  head  without  excessive  leakage  fluxo 
The  value  of  residual  magnetism  also  must  be  sufficient  go  that  a  usable  output 
level  is  obtained  from  the  playback  head.-  Reducing  the  thickness  of  a  taps  or 
the  diameter  of  a  wire  decreases  the  demagnetization  of  a  recorded  signal »  The 
limit  to  reduction  in  size  in  this  respect  is  set  by  considerations  of  mechan¬ 
ical  strength  and  output  level.  High  resistivity  is  another  desirable  property 
In  the  recording  medium,  Higher  resistivity  reduces  the  magnetic  skin  ex  feet 
and  allows  greater  penotraticn  of  flux  in  the  recording  process.  The  choice  • 
of  solid  metal  or  powdered  materials  and  of  tape,  wire,  or  disc  form  depends  on 
the  particular  application  of  the  system.,  Solid  metal  materials  are  mechan¬ 
ically  strong  and  experience  little  wear  with. use o  Powdered  materials  coated 
oil  a  suitable  backing  give  better  high-frequency  response,  but  have  a  low 
output  and  wear  out  after  a  few  thousand  playings*  Wire  occupies  less  space 
than  flat  tape  when  wound  onto  a  reel  so  is  advantageous  when  a  long  recording 
time  is  desired* 

it  is  evident  that  for  the  core  of  the  recording  head  a  fcigh-per;*- 
inability  material  should  be  used*  In  particular  it  should  have  the  highest 
saturation  flux  density  possible  along  with  a  negligible  reel dual  magnetism* 

It  must  also  be  of  laminated  construction  to  reduce  eddy  current  effects 
particularly  at  the  'bias  .frequency..  To  facilitate  win  .ing  oi  one  coils  on 
ring- tyoe  heads ,  the  cores  are  usually  made  in  two  parts,  and  >  fie  -..aces  on 
these  two  parts  are  ground  to  give  a  good  fit  on  assembly *.  Ho  spacer  is  used 
in  the  recording  gap  if  maximum  hl/jh-frecuoncy  response  ia  desired*  The  type 
of  winding  used  depends  somewhat  on  the  design  oi  the  anoliilers  supplying  the 
bias  and  recording  signals,,  Both  liigh—icpiedance  and  1  ov?— x m o e danc s  windings  aro 
found  on  commercial  recording  equipment,  the  former  type  being  coupled  directly 
to  the  plate  of  tho  output,  amplifier  and  the  latter  coupled  through  a  suitable 
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transformer „  Where  high  bias  and  signal  frequencies  are  ennloyed,  transformers 
generally  cannot  be  used »  Furthermore t  care  insist  be  taken  to  keep  dieoriouted 
capacity  in  the. coil  to  a,  minimum  to  avoid  resonance  effects  within  the  oper¬ 
ating  range „  Separate  windings  for  the  Mae  and  recording  signals  may  be 
utilised,  and  have  the  advantage  of  more  simple  amplifier  design  when  economy 
of  tubes  is  not  important , 

,  The  core  of  the  playback  head  should  satisfy  the  general  requirement*! 
of  low  loss  and  negligible  residual  magnetism  as  in  the  case  of  the  recording 
head.  However,  its  important  characteristic  is  initial  permeability,  which 
should  be  as  high  as  possible.  Although  best ro  cults  would  be  ©snooted  from  a 
magnetic  circuit  having  a  single  air  gap,  it  is  more  practical  to  divide  the 
core  as  has  boon  described  for  the  recording  head.  Symmetry  in  the  core  and 
in  the  windings  placed  on  the  two  halves  gives  the  further  advantage  of  loss 
pickup  from  extraneous  magnetic  fields,  in  any  case  magnetic  shielding  of 
the  playback  head  is  soosntial 0  especially  with  low-output-level  recording 
media  such  as  the  powdered  material  s^  A  hi  gh~  imp  e  dene  a  winding  to  connect 
directly  to  the  grid  of  the  playback  amplifier  is  usually  satisfactory,  although 
a  low-iiepedence  winding  and  step-up  transformer  may  be  desirable  if  the  head  is 
very  small  or  if  the  core  has  been  formed  in  one  piece, 

Tb.a  requirement?,  for  the  core  material  of  .the  erasing  head  are  ident¬ 
ical  with  those  of  the  recording  head.  Its  features  of  construction  are  also 
the  same  except  that  a  gap  of  0„010«‘  to  0„020<*  is  necessary.  Its  winding  should 
be  designed  to  obtain  a  maximum  power  transfer  from  the  erasing  amplifier, 

For  faithful  reproduction,  the  recording  medium  should  p&ss  the 
recording  and  tha  playback  heads  at  as  nearly  a  constant  speed  as  possible,, 
since  fluctuation  in  speed  will  cause  variations  in  both  the  amplitude  and 
the  frequency  of  the  reproduced  signal ,  For  this  reason  some  typo  of  friction 
drive  is  used  instead  of  gears  or  belts,  Usually  a  mechanical  filter  arrangement 
such  aa  a  rubber-tired  idler  engaging  both  the  motor  shaft  and  the  rim  of  a 
flywheel  on  the  drive  shaft  is  incorporated  in  the  speed  reducer  design. 

The  choice  of  the  form  of  the  recording  medium  determines  other 
requirements  in  mechanical  construction,  of  a  recording  system.  For  long  re¬ 
cording®  on  tape,  suitable  reels  and  a,  rewinding  mechanism  are  necessary  ,>■  This 
also  applies  to  long  recordings  on  wiren  but  in  this  case  level -winding  devices 
to  prevent  bunching  of  the  wire  on  the  reds  must  bo  providolo  For  recordings 
of  a  few  seconds  or  less  a  continuous  loop  of  tape-  or  wire  may  be  formed  and 
passed  over  a  series  of  pulleys;1  a  disc  of  magnetic  material  Eight  also  be  used. 

Since  alight  variations  in  the  contact  between  the  recording  medium 
and  the  recording  artel  playback  heads  will  cause  considerable  variation  in 
amplitude  of  the  reproduced  signal,  the  medium  must  be  guided  so  that  these 
do  not  occur.  Equally  important  for  good  hlgh-freqficncy  response  is  proper 
alignment  of  the  recording  and  playback  gaps,  .Both  gape  should  make  the  same 
angle  with  the  direction  of  taps  motion.  Since  for  high  frequencies  the  wave¬ 
length  on  the  tape  approaches  the  order  of  magnitude  of  the  gap  width,,  a  small 
difference  in  these  angles  will  cause  a  substantial  lose  in  output.  The 
difficulty  of  maintaining  this  adjustment  in  commercial  equipment  prevents 
the  use  of  wide  cores  to  increase  the  signal  level  from  the  playback  head,  . 
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Experimental  WflffietjLc  Recording  System 

Tho  general  features  of  the  recording  ays  torn  designed  for  experi¬ 
mental  purposes  in  the  Center  of  Analysis  laboratory  are  shown  In  Figs  •  9 
and  10  oi,  The  base  and  front  are  of  l/4i!  aluminum  and  of  standard  pftaol  width 
for  counting  in  a  rack,  Tho  pulleys  shown  will  accommodate  loops  oj  tape 
from  54?  to  60“  long  and  up  to  1/4“ wide  •>  A  brass  idler  oulley  maintains 
tension  in  the  tapfto  Tho  mounting  nlat°3  for  tho  heads  may  be  tilted  in  any 
direction  by  thumbscrew  adjustment r  They  also  may  bo  raised  and  lowered  and 
rotated  about  an  axis  perpendicular  to  the  tape*  Thia  flexibility  in  the  head 
mounting  allows  different  slzos  jmd  types  of  heads  to  be  adapted  to  the  machine.. 
The  drive  shaft  is  mounted  on  ball  bearings  with  the  drive  pulley  on  the  front 
and  a  brass  flywheel  behind  the  panel*  The  drive  pu’ley  is  turned  by  friction 
between  the  flywheel  rim  and  a  rubber~tirod  wheel  on  tho  motor  saa.it  Tho 
motor  is  a  l/l25  HP  d-c  motor  with  split  field  windings.  To  obtain  an  adjustable 
speed  over  a  wide  range  bjt  field  control,,  the  field  windings  are  connected  in 
parallel  to  a  220 -volt  line  through  suitable  rheostats  and  tho  armature  ia 
sun  oiled  from  a  110-volt  linoQ  There  are  two  rubber  wheels  on  the  mo  to -  shaft 
so  that  two  ranges  of  speed  can  be  obtained  by  shifting  the  raot^r  to  engage  one 
or  the  other  wheel  with  tho  flywheel ,  3y  this  arrangement  the  spued  may  be 
adjusted  from  about  3«6”/sec  to  8B/9®c  nnd  from  lli,/oec  to  '  6“ /roc..  The  speod 
controls  and  an  on-off  switch,  as  well  as  input  and  output  plugs,,  appear  on 
the  front  panel  * 

A  schematic  diagram  of  tho  complete  recording  system  is  shown  in 
Fig,  110  The  amplifier  circuits  and  head  construction  were  changed  from  time 
to  time,  and  apace  does  not  permit  a  description  of  fill  tho  designs  tec tod. > 

Those  that  veva  used  to  obtain  the  curves  included  In  this  report,,  bus-over- 
will  be  described,, 

The  erasing  head  lias  a  oollt  ring-type  core  of  x  l/4H  Hj.pers.il 

laminations  stacked  to  a  thickness  of  l/8" ,  the  laminations  being  perpendicular 
to  the  radial  direction  of  the  core,.  This  core  was  obtained  from  a  Raytheon 
TJX-7350  pulse  transformer-  Tbs  head  has  a  single  winding  of  .25  turns  of  Ho*  2b 
wiro  and  a  working  air  gap  about  10  mils,  wider  At  50  KG  this  head  has  an 
inductance  of  3<>2  nh  and  a  Q,  of  about  5, 

Tho  recording  head  is  also  of  split  ring-type  construction  but  in 
made  of  0,006"  4-79  Mo-Permalloy  laminations,-  In  this  head  the  laminations 

are  parallel  to  the  radial  direction  and  are  stacked  to  a  depth  of  \/8‘! ,  making 
tho  face  of  the  head  l/8"  wide  as  compared  with  l/4!l  for  the  erasing  head.  The 
laminations  are  shaped  so  that  tho  width  of  a  lamination  toners  'so  l/l6n  at  the 
working  gap  as  shown  in  Fig,  12 0  Two  windings  are  placed  on  each  half  of  the 
core.  The  signal  winding  consists  of  26  turns  on  each  hr If  or  a  total  of  -  2 
turns,  and  tho  bias  winding  150  turns  on  each  he  If  or  a  total  of  300  turns. 
Number  28  wire  is  used  for  all  windings.  Since  the  faces  of  tho  cores  were 
grojmd  to  a  close  fit,  it  ia  estimated  that  the  working  gap  of  this  herd  iu 
less  than  0-.0005" ,  The  bias  winding  has  an  inductance  of  6, -3  rah  and  a  Q  of 
about  2  at  50  EC*  Tho  signal  winding  has  an  inductance  of  4l0/u.b  at  1  KG, 
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'  The  playback  head  is  a  Brush  Development  Comoany  type  BI-919  head... 

It  iiao  e  core  l/8"  wide  of  lamina tions  approximate!;.  0 . 03.5*  thick  and  in  mounted 
in  a  mol ded  bakelite  holder  encased  in  a  magnetic  shield..  Tin  core  id  a  split 
ring  type  with  a  winding  on  each  half#  The  two  halves  with  their  windings  are 
symmetrical  to  reduce  pickup  from  exti’aneous  fields..  Data  on  the  number  of 
turns  of  the  windings  is  not  available,  hut  the  measured  inductance  is  300  mh 
at  1  KG# 


As  can  he  seen  on  the  diagram  of  Fig#  11 
are  used  in  the  complete  recording  systems  for  eras 
playback:  respectively B  Circuit  diagrams  for  these  ; 
15 0  and  16, 


,  four  separate  amplifiers 
lag,  bias,  recording,  and 
are  shown  in  Figs ,  13,  M-c 


The  erasing  amplifier,  Fig„  13,  and  bias  amplifier,  Fig  =.  14,  are 
similar;  they  consist  of  ah  inverter  stage  driving  a  push-pull  power  amplifier 
stage.  The  plate  loads  of  these  nov/er  stages  consist  of  the  windings  of  the 
respective  he^ da  tuned  for  parallel  resonance  at  50  KC  and  coupled  to  the  plates 
of  the  tubes  through  suitable  condensers.  The  small  resistance  in  series  with 
the  bias  winding  provides  a  means  of  measuring  bias  current#  Maximum  values  of 
50  ma  erasing  current  and  35  nva  bias  current  were  required,  for  the  heads  used. 


The  recording  amplifier.  Fig#  15,  also  consists  of  an  inverter  and- 
push-pull  power  amplifier  but  is  coupled  to  the  signal  winding  of  the  recording 
head  through  a  transformer.  It  was  designed  to  provide  a  constant  current  of 
20  ma  max,  through  the  winding  for  constant  input  voltage,  over  a  frequency 
range  of  100  to  15,000  cps«  The  desired  constant  current  characteristic  is 
obtained  by  providing  a  negative  feedback  voltage  proportional  to  output  current# 


The  playback  amplifier.  Fig#  16,  is  a  two-stage  H~C  coupled  amplifier 
having  an  essentially  flat  frequency  response  from  100  to  18,000  ops*  To  prevent 
the  appearance  of  any  50  KC  voltage  from  the  erase  or  bias  fields  in  the  ampli¬ 
fier  output,  a  low-pass  filter  with  cutoff  at  20  KG  was  added#  With  this  filter 
the  amplifier  response  at  50  KC  is  50  db  below  that  at  18  KC#  Its  gain  at 
1000  cps  is  26 #3  times  or  28 #4  db# 

Results  of  Tests  on  Experimental  System # 

With  the  recording  equipment  described  above  tests  were,  conducted  with 
six  different  recording  media  to  evaluate  the  performance  of  the  equipment  and 
determine  what  factors  required  further  investigation  to  improve  high-frequency 
response  or  resolution  of  discrete  signals  representing  coded  information#  Up 
to  the  present  time  the  data  obtained  is  insufficient  to  allow  conclusive  state¬ 
ments  to  be  made  regarding  some  features  of  the  system  and  recording  media# 
Certain  results  however  are  significant n 
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The  recording  metvip  oc« -1  in  tSic  trots  vare  all  o'”  tap-  *i  orn  and 
Included  both  powdered  muter??  In  and  solid  one  of  the  1 attar  n?  -12V? 

ir.  the  form  of  e  ulnting  ozi  r.  brs  *s  taoc  .  These  t;.  .urn  win  tho  following- 


DESCRIPT10K 


SO’)  ics 


Vicailloy 


Solid  metal 


Bell  Ital)3. 


Stool 


Solid  metal 


Cut.  from  b  sheet 
found  in  laboratory 


3  Brush  elated  Solid  met?  1 

plated  on  brase 


Brush  DovelopEsnt  Co  - 


4 ..  MHM 


Powder  con  ted  on 
cellulose  acetate 
film 


Minn  ,  Miti’g  &  Hfg«Oo- 


5..  Brush  unoer  Powder  coated  on 


Brush  Envelopment  Co,- 


nan  or 


6 ,.  Hyflux 


Powder  coated  on 


Indiana  Steel  Products  Co, 


moer 


Drawin  a  showing  crone-sectional  dimonalous  of  the*  e  fcaneti  and  the  magnetic 
materials  in  them  are  presented  in  ?igu  17. 


Hysteresis  loo-on  for  each  of  the  material  a  in. tape  form  for  a  GO  ops 
magnetising  force  were  obtained  b,v  inennn  of  the  B-I  curve  .racing  equipment 
described  in  the  Appendix,  Prom  these  curves  the  following  values  of  coe rein¬ 
force  and  residual  flux  density  were  do  term  Sued.  , 


DESCRIPTION  CO-'RCIVS  JOHCE  (i<R) 

_  _ _ (oepstbds) _ 


KSSXDOIL  FLUX  DENSITY  (id,) 
_ (C-APSS)  ■ _ 1 


1„  Vi  call  oy 


Steel 


Bluish  plated 


Brush  paper 


6,  llyfluz 


(-’•30)' 


(1400)* 


*  for  peak  HMP  of  .11300  oersteds ,  The  magnetic  material  in  tha 
Hyfltut  ;ar»s  ms  an  exceptionally  high  coercive  force  and  (he  available  magnet 
ixlng  ecuinment  would  not  -n reduce  sufficient  MM?  to  saturate  it  For  this 
reason  -,hc  figures  given  above  for  fiyfiux  r.re*  not  the  true  values  of  Rc  and 
out  are  somewhat  lover.- 
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•in  Figure  IS  are  shown  the  complete  hysteresis  loops  for  those  tap  so 
all  drawn  to  the  same  scale »  Thoss  curves  and  the  tabula  tec-,  values  of  H  an  d 
Sj,  obtained  from  them  ars  included  primarily  to  show  the  order  of  magnitude 
of  tile  numtities  being  considered,  Ic-cause  of  limitations  in  the  test  equip- 
mant,,  sources  of  error  exist  which  have  not  been  measured  precisely,,  From 
correlation  with  known  values,  however,,  it  is  estimated  that  the- errors  do 
not  exceed  10  percent c 

All  of  the  teste  performed  on  the  recording  equipment  yere  at  a  tape 
speed  of  8" /sec,  which  of  itself  imposed  an  upper  frequency  limit  of  about 
10,000  cps  on  the  recordings  This  was  done  to  reduce  tape  veer,,  reduce 
amplifier  design  problems,,  and  allow  use  of  &  lower  bias  frequency,,  Neglecting 
second  order  effects ,,  the  share  of  the  frequency  response  curve  is  a  function 
of  tape  wavelength  rather  than  actual  frequency,  Therefore,  tests  taken  at  a 
low  speed  were  considered  to  be  indicative  of  system  performance  at  higher* 
speeds,., 

A  frequency  of  50  KG  was  used  both  for  bias  and  erasing,.  It  was 
observed  that  for  ratios  of  bias  frequency  to  signal  frequency  of  less  than 
£5 »  modulation  effects  occurred,  causing  distortion  of  the  output  signal,. 

As  might  be  expected,  the  maximum  level  of  the  recording  signal  for 
distortionless  recording  varies  ”xth  different  recording  media,,  with  bias 
amplitude,  and,  with  recording  frequency 0  In  the  tests  to  be  described  th© 
recording  signal  level  was  kept  sufficiently  low  to  avoid  serious  distortion 
from  any  of  these  causes „ 

Gomoaritive  response  curves  for  the  six  recording  media  with  approx¬ 
imately  their  normal  values,  of  bias  current  are  shown  in  Pigp  19,.  The  general 
shape  of  each  curve  corresponds  to  the  typical  response  of  Fig,-.  6-.  The  output 
levels  at  low  frequencies  to  a  first  approximation  are  the  comparative  signal 
levels  that  can  be  expected  from  the  different  media.,  It  can  be  seen  that  there 
is  a  direct  relationship  between  these  levels  and  the  respective  values  of  Bj, 
previously  tabulated?  The  curve  for  Brush  plated  tap©  does  not  show  this 
directly  since  it  is  a  narrow  tape  having  a  width  roughly  l/lO  that  of  the 
recording  path  on  the  other  tap  as..  However*  since*  the  signal -to-aoia©  level 
is  an -roximately  the  same  for  all  media 2  this  difference  in  output  level  at  lew 
frequencies  can  be  compensated  for  by  proper  amplifiers  .  Therefore,,  it  is  the 
frequency  or  more  accurately  the  wavelength  at  which  maximum  response  occurs  and 
the  slope  of  the  response  curve  for  high  frequencies  that  indicate  the  merit 
of  the  recording  system?. 

As  has  been  pointed  out  previously*  demagnetisation  in  the  tape  and 
leakage  flux  at  the  recording  head  are  principal  factors  causing  the  decrease  in 
response  at  short  wavelengths?  Since  the  demagnetisation  factor  depends  on 
the  Bp  ratio,,  as  would  be  eroectecl  there  is  a  correlation  between,  the  frequencies 


at  which  maximum  response  occurs  ia  Fife.-.  19  and  the  shape  of  the  FUH  cur'vos 
of  Fife.,  19 1.  The  steel  tans  has  the  highest  Br  ratio  and  lowest  maximum^ 

ffc 

response  frequency ,  while  the  HMM  tana  has  the  lowest  Bg  ratio  and  hi  ghost 
maximum*- response  frequency «  HT 

C/ 

The  magnitude  of  the  drop  in  high-frequency  response  caused  “by 
leakage  flux  at  the  recording  head  is  not  evident  from  the  response  curves 
of  Fig„  19 c.  However ,  the  effect  of  this  factor’  ia  illustrated  in  Fig,  SO 
and  21,  which  <-re  response  curves  for  two  recording  media  for  different 
values  of  bias  current.-.  For  the  higher  values  of  bias  current,  or  recording 
MMF,  the  maximum-response  frequency  is  lowered  an d  bha  response  curve  falls 
more  rapidly  with  increasing  signal  frequency „ 

Some  information  on  the  variation  in  frequency  response  with  changes 
in  bias  frequency  was  also  obtained «  The  tests  which  were  made  show  only  a 
comparison  between  bias  frequencies  of  50  KC  and  140  1IC  whore  the  magnitudes 
of  the  respective  bias  currents  were  adjusted  to  give  equal  outputs  for  low 
signal  frequencies o  Figure  22  shows  thr  results  for  the  Brush  plated  tana 
and  the  MMM  tape  which  are  typical  of  the  results  from  all  of  the 'tapes a,  A 
slightly  higher  output  was  obtained  for  short  wavelengths  signals  Vith  the 
higher  bias  frequency  than  with  the  lower  bias  frequency «  The  reason  for 
this  is  not  known;  whether  it  is  a  function  of  the  skin  effect  in  the  tape,, 
the  leakage  flux  distribution,  in  the  recording  head,  or  the  mechanism  of  the 
recording  process  as  discussed  on  pages  7  and  8  must  be  determined  by  further 
exo  arisen  tat  i  on  „ 

Boooinmendationa  for  Further  Sroerimontal  Work  a 


The  test  results  thM;  have  been  discussod  in  the  preceding  paragraphs 
point  out  a  lack  of  information  about  several  factors  in  the  recording  process 
and  suggest  some  changes  in  equipment  design  for  studying  storage  methods <. 

The  most  obvious  fault  is  excessive  leakage  flux  about  the  working  gap  of  the 
recording  heado  A'  core  material  such  as  permendur  which  has  a  very  high 
saturation  flux  density  should  be  tried,  and.  the  tips  of  the  core,  might  'be 
shared  so  the t  they  contact  the  taoo  only  at  the  gap*  This  would  give  a  some- 
what  longer  path  for  the  unwanted  leakage  flux,-,  The  effect  of  grinding  and 
polishing  after  heat  treatment  on  the  permeability  of  the  core  tins  is  not 
known,  so  a  means  for  accurate  determination  of  flux  distribution  around  the 
recording  gap  would  be  very  beneficial  in  the  design  and  construction  of 
recording  heads  0 

Since  the  speed  at  which  information  may  be  recorded  on  and  read  from 
a  magnetic  storage  medium  depends  on  the  speed  at  which,  the  medium  is  moving,, 
teats  should  be  conducted  to  determine  the  practical  limit  on  operating  speeds 
and  the  results  of  recording  at  such  snoods..  It  is  estimated  that  these  speeds 
might  be  of  the  brder  of  magnitude  of  100  ft/ sec0  Such  high  snoods  would  reqt&i 
a  redesign  of  the  erasing  head  ns  well  as  the  recording  and  playback  heads »  At 
these  sneeds  an  erasing  frequency  thrt  exceeds  the  highest  that  could  be  re¬ 
corded  would  not  have  sufficient  penetration  for  complete  erasing..  For  this 
reason,  erasing  or  demagnetization  of  the  medium  would  hav-  to  bo  accomplished 
by  a  low-frequency  decaying  field  such  a3  would  be  obtained  by  passing  the  wire 
or  nape  through  the  tenter  of  an  air-corod  coilp  For  high  speed  operation, 
of  course,  the  recording  and  playback  heads  must  be  designed  for  the  high 
frequencies  or  short  pulses  which  would  be  usedt. 
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Circuit  a  for  supplying  and  reading  the  coded  information  to  be 
stored  should  be  built  for  use  with  the  recording  system,  &X though ^ little 
information  is  available  on  techniques  of  recording  pulse  signals,,  it  is 
rear, enable  to  assume  that  the  length  of  a  recorded  pulse  on  the^ medium  would 
not  exceed  that  requiredfor  recox’ding  the  miuiinu.ni  number  ox.  cycues  ox  a 
sinusoidal  signal  that  would  excite  a  tuned  circuit  in  the  reading  equipment 
for  the  latter  typo  of  signal,,  This  is  assuming  that  sinusoidal  signals  of 
two  different  frequencies  would  bo  used  to  represent  ths  two  oinary  digits 
and  that  the  reading  equipment  would  contain  filter  circuits  for  separating 
the  two  frequencies.,  ’.In  the  field  of  carrier  telegraphy  it  has  been  found 
that  at  least  5  cycles  of  a  sinusoidal  signal  are  reonired  for  such  selection.-, 
The  use  of  pulse  signals,,  therefore,  should  not  result  in  a  loos  of  recording  , 
capacity,  while  it  allows  the  recording  and  reading  circuits  to  be  of  much 
simpler  design*  The  use  of  a  high-frequency  bias  signal  in  pulse  recording 
would  be  unnecessary  since  a  linear  characteristic  is  not  required;  however^ 
the  results  of  recording  with  different  bias  frequencies,  as  shown  in  Fig*  22 
indicate  that  the  effect  on  pulse  amplitude  of  using  a  bios  signal  should  be 
investigated a 

On  a  flat  Recording  medium  such  as  a  tane  or  disk  it  is  possxole  to 
obtain  more  than  one  recording  track*  In  electronic  computer  applications 
the  additional  tracks  might  be  utilised  for  synchronising  signals  or  for 
recording  additional  information  which  is  not  required  to  be  read  in depend-  • 
entlv  of  that  on  the  parallel  tracks*  An  estimate  of  the  width  and  spacing 
of  such  tracks  may  be  obtained  from  data  on  the  Brush  Development  Company 
disk- type  recorder.  Using  a  powder-costed  paper  disk,  it  produces  a  sound 
track  0o014«  wide  and  spacing  between  tracks  of  0*011° 9  or  the  equivalent  of 
40  tracks  per  inch.  Heads  with  thin  cores  are  used  for  obtaining  these 
narrow  tracks* 

The  problems  of  marking  the  location  of  specific  information  recorded 
on  a  magnetic  medium  and  of  positioning  the  medium  for  removal  of  that  infor¬ 
mation  require  separate  study*  Multi -channel  recording  on.  a  fir,  t  medium  has 
certain  advent'' <  es  over  single-channel  recording  in  these  respects  .  ?ome 
of  these  advantages  arc"  (l)  a  separate  channel  might  be  used  for  synchronising 
and  marking  signals;  (2)  information  might  be  grouped  on  sections  of  the  taoe^ 
thus  reducing  the  time  required  to  position  the  tape  for  playback;  (b)  recording 
might  be  done  in  opposite  directions  on  adjacent  channels  to  avoid  logs  of  time 
in  rewinding  or  (4)  successive  signals  might  be  recorded  or,' separate  channels 
to  allow  recording  at  a  higher  noise  repetition  rata;  for  example 6  with  four 
channels,  pulses  1,  (5e  9P  12  etc*,  would  be  recorded  on  or.o  channel,  oulsos 
2 ,  6,  10,  14,  etc.,  would  be  recorded  on  another  channel,  pulses  3.  7 *  15 

etc,  would  be  recorded  on  a  third,  and  mdses  4,  8,  12,  16  etc.,  womd  be 
recorded  on  the  fourth  channel.  The  solid  metal  tones  providing  several 
channels  also  are  stronger  than  wire  media  30  would  be  desirable  where  rapid 
oosit ioniiE  of  the  medium  places  considerable  stress  upon  it* 


Tfcq  ■)rc'o.i.<iTC  of  rionitioaiUr;  th"  vr-corcUn*'  Medium  in  iiw  of  rccirvaicai 
design  te  \»oll  ag  aloefcrieal  control.-.  Tile  -  ;;‘.lu-tion  way  li  •  in  a  suitable 
aoo] icp t ion  of  gorvomachnn  1  an  n'JaciploB  or  In  th*  construction  of  a  3ivti3- 
factory  ayotfim  of  clutchos  to  an?*rtfiO  fchn  tav-o  or  wire  system  with  rotating 
drive  shaft  aa  do  a  i  rode 
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B-K  Curve  tracer 


To  provide  a  means  for:  comparing  hysteresis  loops  of  various 
magnetic  recording  tones „  eqtrj nraent  for  tracing  3-H  curves  on  a.  cathode- 
ray  oscilloscope  was  developed.  It  consists  of  a  magnetizing  soleiloid 
wound  on  c.  cylindrical  tube  which,  will  allow  insertion  of  a  pickup  coil 
down. 'the  center  of.  the  tube,,  and  suitable  circuita  to  give  the  desired 
horizontal  and  vertical  deflections  on  the  cathode  ray  oscilloscope  (C'RO) 
A  diagram  of  the  magnetizing  coil  is  shown  in  pig  >  23..  T  le  pickup  coil 
is  wound. oa  a  slotted  form  30  that  a  length  of  the  tape  to  be  tested  can 
easily  be  threaded  through  it*  When  in  position  for  making  id  ate ,  thon8 
the  pickup  coil  is  moved  to  the  center  of  the  magnetizing  coil  and.  tho 
tape  passes  through  both  coils,. 


The  theory  of  the  operation  of  the  equipment  ie  as  follows  A 
60-cycle  sinusoidal  magnetising  force  is  generated  in  the  magnetising 
coil  by  passing  60-cyeia  current  through  its  winding*'  Since  the  magnet¬ 
izing  force  is  proportional  to  the  current  flowing,  the  voltage  drop 
across  a  resistance  in  series  with  the  coil  is  proportional  to  H  and 
can  be  used  to  give  the  horizon to 1  deflection  on  the  OHO „  Furthermore 
the  voltage  induced  in  the  .pickup  coil  is  proportional  to  tho  raw  of 
change  of  flux  through  it’,,  so  the  integral  of  this  voltage  is  proportional 
to  the  flux  through  the  pickup  ccil9  If  this  flux  were  entirely  within 
the  tape,,  then  this  integrated  voltrge  would  also  be  proportional  to  the 
desired  value  of  flux  density e  B,  and  could  be  used  to  give  the  vertical 
deflection  on  the  CRO„  The  pickup  coil  used,  however „  necessarily  had  a 
cro'-si-eectional  area  several  times  that  of  a  tape,,  so  that  the  actual  flux 
in  the  fane  is  only  a  fraction  of  the  total  flux  through  the  coil,.  For 
this  reason  a  second  pickup  coil  similar  to  the  first  but  without  a  slot 
was  placed  beside  the  slotted  coil  in  the  magnetizing  fields  By  connecting 
the  two  pickup  coils  in  a  suitable  balancing  circuit,  a  resultant  voltage 
proportional  to  the  flux  through  the  tape  alone,  is  obtained*  The  integral 
of  this  voltage,  then,  is  proportional  to  the  flux  density  in  the  bars  a  n 


Since  the  cross-sectional  area  of  the  magnetic  material  in  the 
tape  is  riot  the  same  for  all  tapes,,  the  circuit  must  be  balanced  for  each 
measurement 0  To  accomplish  this  a  calibrating  coil  was  also  mounted  with 
the  pick-up  coils*  This  calibrating  coil  was  constructed  to  -produce  a 
voltage  equal  to  that  generated  in  the  slotted  pickup  coil  if  it  had  a 
cross-section  of  'l/4!1  x  OoOOS1' ,  or  the  dimensions  of  an  average  tape. 
Calibration  thus  consists  of  adjusting  the  output  of  the  pickup  coils  to  be 
the  -proper  fraction  of  the  voltage  from  the  calibrating  coil,,  this  fraction 
being  determined  by  the  ratio  of  the  tape  area  to  the  average  area,  of 
0oQ005  aq 5.nc  The  construction  of  the  complete  pickup  coil  assembly  is 
shown  in  Pi go  24* 


Circuit  diagrams  of  the  amplifiers  used  with  the  P»H  curve  tracing 
equipment aro  shown  in  .Figures  25  and  26o  The  H-amlifier  (Fig*  25)  consists 
of  a  single  stage  with  a  phase-shift  control.*  It  has  a  gain  of  90  The 
B-amplifier  (Fig*  26)  contains  a  two-stage '  preamplifier  0  an  H-C  integrating 


circuit „  and  a  three-stag*  final  aorlifier*  ’•’hen  measurements  are  being 
taken  on  solid  metal  tones  having  a  high  flux  density,  the*  preamplifier 
is  not  ret ui red  and  may  be  a'-'itched  out.  The  measured  values  of  gain  at 
60  cps  're  ao  for  the  preamplifier,  l/lS5  for  the  integrator,  and  3680 
for  the  final  *  am -1  if  $  or ,  or  an  overall  gain  of  892,-0,,  The  requirements 
of  high  gain  and  z^vo  abase  shift  over  a  band  of  frequencies  necessitated 
careful  design  of  the  amplifiers-  Cowoonsating  circuits  and  aegative 
feedback  were  used  to  obtain  the  required  Pbae©  charac tori etic«  It  was 
found  necessary  to  use  a  d~c  filament  voltage  because  even  small  amounts 
of  pickup  from  &  60-csy«le  filament  current  caused  objectionable  distortion 
in  the  curves  traced  on  the  G'i.0,, 


The  procedure  fox  malting  a  hysteresio-loop  measurement  and  dote»> 
mining  the  scale  factors  xa  as;  follows;  A  schematic  diagram  of  the  equip- 

ment  is  shown  in  Fig,,  2?„  The  pickup  coil  assembly  without  the  tope  sample 

is  positioned  at  the  center  of  the  magnetizing  coil  and  the  switches  are 

adjusted  so  that  the  cutout  of  the  calibrating  coil  appears  as  the  vertical 

deflection  on  the  CHU *  This  deflection  is  adjusted  to  a  convenient  value  by 
means  of  the  gain,  control  on  the  CR0o  The  calibrate  switch  is  then  thrown 
to  its  "teat"  position  and  the  balance  control  adjusted  until  the  vertical 
deflection  is  the  proper  fraction  of  that  observed  for  the "calibrate"  position 
this  fraction  being  determined  from  the  cross-sectional  area  of  the  magnetic 
material  in  the  tane  in  the  manner  previously  described*  The  phase  control 
is  now  adjusted  so  that  the  trace  on  the  CRD  is  a  single  straight  lino,  l'Jext 
the  tape  to  be  tested  is  inserted  into  the  pickup  coil„  It  should  be  long 
enough  so  that  it  extends  a  few  inches  beyond  either  end  of  the  magnetising 
coil*  Suitable  adjustment  of  the  gain  controls  gives  the  desired  U-H  curve 
for  the  tane* 


The  horizontal  scale  factor  for  the  B--B  curve  obtained  is  determined 
in  the  following  manners  The  output  of  the  calibrating  coil  is  measured  with 
a  voltmeter  for  the  same  magnetizing  current  a*  used  in  the  test,,  This 
voltage*  o,, ,  ia 


where  Nf.  is  the  numb ~ r  of  turns  on  the  calibrating 
sectional  area  of  this  coil*  and  Bca  is  the  maximum 
in  it*  Solving  for  Bcm  and  substituting  constant 


The  magnetizing  force »  H„  is  numerically  equal  to  E,  so  if  dg  is  the  peak -'to 
peak  horizontal  deflecrions  the  desired  scale  factor  for  the  abclgga* 
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To  determine  the  vertical  scale  factor*,,  the  peak~to~ueak  horizontal 
and  vertical  deflections  of  the  B-4I  curve  are  observed.  The  horizontal 
deflection  should  he  the  same  as  that  for  which  Ec  \ag  measured.  Then  the 
magnetizing  force  is  removed  and  a  50  cos  voltage  from  an  oscillator  or  a 
potentiometer  placed  across  the  power  line  is  applied  to  the  amplifier  input 0 
The  magnitude  of  the  voltage  required  to  produce  a  vertical  deflection  equal 
to  the  horizontal  deflection  observed  for  the  B-~H  curve  is  measured  with  a 
voltmeter,,  X>o t  the  runnS.  value  of  this  voltage  V  V« 

It  is  evident  tin  t  if  this  value  of  V  ia  equal  to  Ec  then  the  vertical  scale 
factor,  Sv„  for  a  tape  of  average  cross-sectional  area  is  the  same  as  the 
horizontal  scale  factor  or 


S-y  a  7.8  x  10v  Ec  gausses  per  unit  distance 

Ag 

For  V  not  equal  to  Ec„  Sy  is  changed  in  ,the  ratio  of  V  so 
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However,,  since  Ec„  and  hence  7,  depends  on  the  total  effective  flux  through 
the  pickup  coils  and  not  on  the  flux  density  alone,  the  factor  relating 
the  CP'jss-Bectional  area  of  the  tape,,  to  the  average  area.  A^,,  which 
was  used  in  the  "balancing  step  must  "be  included  in  the  expression  for  Sy,; 
Therefore  the  complete  expression  for  the  vertical  scale  factor  is 


=  708  x  104  L 
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In  the  operation  of  this  equipment  certain  limitations  were  noted 
'••hich  might  "be  removed  by  a  change  in  design.  The  most  objectionable  defect 
is  the  tendency  for  the  GSO  trace  to  drift,  tip  and  down  on  the  face  of  the 
tube.  When  tapes  requiring  a  low  vertical  gain  setting  are  being  tested, 
this  drifting  is  slow  and  of  smal?  magnitude*  but  with  hig>i  vertical  gain 
settings  it  is  rapid  and  of  considerable  amplitude.  This  jumping  is  caused 
by  fluctuations  in  the  supply  voltage  which  produce  spurious  signals  at  the 
plate  of  the  first  tube.  These  signal a  ere  passed  on  to  succeeding  stages 
by  the  high-time-constant  coupling  networks.  A  regelated  a-c  nnooly  and* 
extremely  stable  d-c  supply  would  be  required  to  eliminate  this  drifting,, 


The  presence  of  harmonics  in  the  60--= cycle  magnetizing  cn-rveut  also 
is  objectionable.  These  harmonics  change  the  shape  of  the  B~H  curve  and 
result  in  an  incorrect  B---H  curve  measurement. 


for  teats  on  tapes  with  small  cross-sectional  ai-oas ,  an  additional 
calibrating  coil  corresponding  to  a  smaller  area  than  the  one  described 
would  provide  more  accurate  balance  adjustments » 


The  use  of  a  higher™.,  Jrehuency  magnetising  current  would  be  very 
desirable  in  many  respects.,.  In  ^articular  it-  would  uermit  si^iplos 
amplifier  design,  require  less  amplification,  and  reduce  the  teno.sncy 


for  the  pattern  on  the  oscilloscope  screen  to  drift . 


The  400-, cycle  power 


available  in  the  laboratory  was  ruled  out, 
ha rmonJ c  c  on  t en  t  o 


however,  beeau.ee  of  its  high 
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SYMBOL  OR  M 
MMF 

oersted 
gauss 
H  ' 

B 

Hc  -  coercive  force 

-  residual  flux  density 

B-H  curves 

JO'-  permeability 

-  initial  permeability 

-  maximum  permeability 

Saturation 

Saturation  flux  density 
Flux  linkages 
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Magnetomotive  force «. 

Unit  of  magnetic  field  intensity  nr  -magnetising  fores „ 
.Unit  of  magnetic  flux  density? 

Magnetic  field  intensity® 

Magnetic  flux  density®  , 

The  magnitude  of  the  magnetising  force  at  which  the 
flux  density  ia  aero  v/hen  a  magnetic  material  is 
being  symmetrically  cyclically  magnetised* 

The  value  of  flux  density  for  the  condition  of  z°ro 
magnetizing  force  when  the  material  is  being  symmet~ 
rically  cyclically  magnetized? 

A  plot  of  the  flux  density  In  a  magnetic  material 
as  a  function  of  magnetizing  force? 

Ratio  of  flux  density  to  magnetizing  force? 

Ratio  of  flux  density  to  magnetising  force  for  vary 
SK'll  values  of  magnetizing  force® 

Maximum  value  of  ||  that  occurs  as  the  flux  density 
in  a  magnetic  material  is  increased  from  zero  to 
saturation  ? 

Condition  that  exists  when  flux  density  has  'been 
increased  to  the  point' where  the  permeability  is 
equal  to  unity? 

Flux  density  at  which  the  permeability  drops  to  unity o 

Product  of  total  flux  passing  through  a  coil  timed  the 
number  of  turns  in  the  coil? 
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DBSCHIPl'IQH  OF  MAGNETIC  MATER  LABS 


Brush  elated  Go,  QOf^iatin.*  ^C’  oersteds 

Tane  Hi,  20f)  '  °  B^,  6000-10 „ 000  gausses 


Brush  Paper 
Tape 


Powdered  magnetite  Hc,  100-200  oersteds 
coa  ting,  oar  tide  Bp ,  -A00-700  gausses 

diameters  less 
than  1  aileron 


ge  2d 


Material 

Composition 

Properties 

Bource 

Mo-Permally 

Fe,  16  A$ 

Hi,  79  - 04 

Mo,  4 .Op 

Ha,  O.ef 

jjj  ,  22  pOOO 

4';.n  22 ,000 

B., ,  5,000  gausses 

Hr.,  0o05  oersted 
p  55  /Lohsaf cm 

Saturation  flux 
density,  8500  gausses 
Hysteresis  loss  at 
saturation  200  ergs/cc 

Al>  gheny  Ludlun 

Steel  Corpc 
Brackenridge.  Pa. 

Mr o William  8.  Spring 
"Electrical  Sales  "Eng? 

Vanadium 

Permendur 

X?&,  49  .Of, 

Co,  49 .Of 

V  ,  2 .Of 

i 

jt  800 
sn»  4o00 

0H«  1A,000  gausses 

Hc,  2.0  oersteds 
z3,  26  M., ohm/em 

Ss. turn t ion  flux 
density,  24^000  gausseB 
Hysteresis  loss  at 
saturation,  6000  ergs/cc 

( Same  as  for 
Mo-Permalloy) 

Hipex'sH* 

Fa  8  96-97f 

Si ,  3-4  f 

Bjlf  13,400  ggiuftBOB 

H ,, ,  2  oersteds  (approx) 
f%  58  fi/ ohm/cm 

Saturation,  flux 
density,  20,000  gausses 
Hysteresis  loss  at 
saturation,  5000  ergs/cc 

(Hone  of  this 
material  was 
purchased) 

Vicnlloy 

Vae  6-1041 

Go,  36-62f 

Fe,  30-SSf 

Hc„  200-400  oersteds 

Bj,  5000-9600  gaupSQQ 

,  Western  Elec.  Co,-, 

195  Broadway  #N .  Y .  C 
Mr.  Oo  O'tmentei'* 

Coordinator  of 
College  Relations 


Brash  Development  Co? 
340 5  Perkins  Avenue 
Cleveland  *  Ohio,, 


( Same  as  for  Brush 
Plated  taps) 


|  I 

l  1 


■■.  ......  . 


ffiffiJSB  . . . S 
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Material 


Kyflux  Tc 


MMM  Tape 


Composition 


ne  Metallic  powder 
contingt  compos- 
ition  unknown, 
particle  dia¬ 
meters  less  than 
1  micron . 

Powder  coating t 
composition 
unknown o 


Proper  t  leg. . _ . . . . . 

H  ,  300-5130  oersteds 
3r,  500-1500  gausses 


Hc,  350  oersteds 
BR5  750  gausses 


Source „ 

Mr.  John  P„  Manley 
The  Indiana  Steel 
Prodricts  Co0 
■  53  Park  Sq.Bldg. 
Boston.  Mass. 


Mr.  McKnight 
Minnesota  Mining  i 
Mffc,  Co. 

51  Sleeper  Street 
Boston.  Mass. 


Ifenufac  tor  i  rig  process  produces  orientation  of  crystals  so 
that  there  is  a  preferred  direction  of  magnetization  in 
the  material.  Therefore  the  material  must  he  used  so  that, 
the  flux  path  is  in  this  preferred  direction. 
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Project  V/hlrlwiad 
Servomoehaniema  Laboratory 
Massachusetts  Institute  of  Technology 
Cambridge b  Massachusetts 


SUBJECT i 
Tqj 
From; 
Date; 


PROPOSED  PROGRAM  POE  IMVESTIftAIIOH  Off  fcU&MlTIC  RECORD IKS 
Jay  Vi o  S’orraotore  R*  H0  Mverottp  3*  Fahnestock*  and  H*  H»  Boyd 
I'i o  So  Rich 
Sop tomb© r  2GC  1947 


The  following  program  la  proposed  for  experimental  invent lgat ion  of 
magnetic  recording  for  application  to  the  Whirlwind  Computers* 


mgaiicHm  set-up 


aa  Recording  Equipment »  The  recording  equipment  should  oonalat.  of 
apparatus  for  driving  a  continuous  loop  of  the  recording  medium  at  linear  speeds 
up  to  about  10  ft/ sec*  A  system  of  pulleys  mounted  on  a  panel  would  be  adequate 
for  this  purpose  a  A  constant  speed  motor  could  be  used,,  and  the  various  speeds 
could  be  obtained  by  changing  the  amount  of  speed  reduction  between  the  motor  end 
the  drive  pulley*  She  .pulleys  would  be  made  to  accommodate  either  wire  or  flat 
tape  up  to  l/4n  in  width*  She  initial  experiments  would  ba  made  on  a  powder-coatsd 
tape  since  such  tape  is  easy  to  handle  and  readily  available  at  lev;  go  Dtp  and  since 
head  designs  and  recording  methods  that  are  satisfactory  for  coated  tape  would  be 
suitable  fox  any  other  tape  material*  She  heads  would  bo  designed  so  that  narrow 
channels  may  be  recorded*  and  provision  would  be  mad©  for  mounting  a  maximum  of 
three  of  each  typ®  of  head  on  the  panel  in  such  a  way  that  the  spacing  between 
channels  may  be  adjusted* 


b»  Recording^Slgnal  Generator.  The  recording*  signal  generator  should 
be  capable  of  producing  either  a  aeries  of  pulses  of  like  polarity  or  a  series  of 
pul (3© 8  of  alternating  polarity*  If  should  be  possible  to  vary  the  pulse  length,  and 
the  spacing  between  pul so 3  Independently  *  She  variation  in  pulse  length  should  be 
approximately  from  Xp.s  to  50poe  and  the  variation  in  repetition  frequency  should  be 
from  abou.t  500  pps  to  200 f: 000  pp 0  - 


Co  Playback  Equipment,  for  reproducing  the  recorded  signal  Bo  a  high-gain 
video  amplifier  for  each  recording  channel  will  bo  necessary*  Theca ■ should  have  a 
band  width  of  approximately  one  megacycle  *  An  oscilloscope  or  a  synchroscope  would 
be  used  to  observe  the  reproduced  pulses* 
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do  Erasing  St  Anal,  Erasing  will  bo  accomplished  by  a  high  frequency 
signal  probably  In  tho  range  from  10  la  to  60  lcco  A  var iable^f re quoncy  oscillator 
and  power  amplifiers  will  be  required  to  drive  the  erasing  heads  * 

, PROPOSED  PROCEDURE 

ao  Design  and  Testing  of  Heads.  In  general.,  the  design  of  the  heads 
would  be  similar  to  the  rlng^type  heads  used  la.  commercial  sound  recording  equip¬ 
ment  o  However  an  effort  should  be  made  to  keep  them  as  small  as  possible  and  to 
design  the  windings  for  satisfactory  operation  with,  short  pulses*  Shin  cores 
must  be  used  to  produce  narrow  recording  channels* 

To  obtain  reliable  information  from  the.  recording  system  it  will  bo 
necessary  to  determine  the  charao ter i sties  of  the  heads*  '.Che  recording  head  should 
produce  changes  In  flux  at  the  recording  gap  which  will  correspond  to  the  pulses 
to  ba  recorded*  The  waveform  of  this  recording  flux  could  be  observed  by  placing 
n  small  plclcup  coil  around  the  recording  gap  and  observing  the  waveform  of  the 
voltage  produced  after  It  haa  been  suitably  amplified  and  integrated > 

The  playback  head  must  satisfactorily  respond  to  the  moat  rapid 
change  of  flux  across  the  pickup  gap  that  will  occur'*  To  determine  the  performance 
of  the  playback  head  its  frequency  response  could  ba  measured  by  applying  a 
sinusoidal  signal  of  constant  amplitude  to  a.  small  coil  wound  over  the  pickup  gap 
and  measuring  the  ou fcput  of  tho  head  as  a  fu.net ion.  of  frequency* 

The  erasing  head  can  best  be  tested  by  observing  its  performance 
in  a  complete  recording  system*  It  would  be  desirable  to  measure  the  field  strength 
and  distribution  about  the  working  gaps  of  both,  the  erasing  head  and  the  recording; 
head  but  no  means  for  doing  this  is  evident* 

b?  Fulfils  Recording In  a  discussion  with  Mr*  I^srett,,  it  was  agreed 
that  the  following  questions  have  to  be  answered  before  further  decisions  on  the 
use  of  magnetic  recording  for  computers  can  be  made  * 

(1)  How  many  pulses  can  be  recorded  per  unit  length  of  a 
recording  channel? 

(2)  How  closely  can  channels  be  spaced  with  separate  erasing 
of  each  channel? 

(3)  How  far  does  the  erasing  field  extend  along  a  channel,, 
can  it  be  localised  for  the  erasing  of  a  single  word? 

Tho  number  of  pulses  that  can  be  recorded  per  unit  length  of  a 
channel  io  a  function  of  the  recording  pulse  length  and  amplitude 0  the  recording 
gap  length,,  and  possibly  the  tape  speed*  Tho  influence  of  each  of  those  -paramo tare 
should  be  investigated  to  determine  the  optimum  amplitude  and  length  for  the 
recording  pulses  * 


i 
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The  problem  of  obtaining  satisfactory  erasing  of  a. localized 
Dortion  of  a  recording  medium  it?  probably  one  of  erasing  head  design*  it  wo  aid 
bo  expected  that  a  thin  core  and  a  short  air  gap  would  confine  the  erasing 
to  a  small  area  as  in  the  case  of  the  recording  head,  but  the  effect  of  a  larger 
leakage  field  that  would  be  caused  by  the  higher  signal  level  required  for  o racing 

is  unknown, 

PLAYBACK  BMP  FOE  BEAD  IMG  AT  LOW  g.  SMS 

Since  a  minimum  taue  booed  of  a  few  inches  per  second  xa  necessary  to 
develop  a  useable  voltage  in  the  playback  head,,  so m  moans  of  reading  a  tape 
Independently  of  speed  would  bo  desirable*  In  particular*  such  a  means  would  per¬ 
mit  reading  directly  Into  a  printer  and  also  would  make  it  possible  to  use  recorded 
signals  for  servo  positioning  of  the  tape*  To  the  knowledge  of  the  writer  such 
heads  have  not,  boon  developed  but  the  following  design  might  be  practical*  'on*“ 
struct  a  core  of  a  single  lamination  in  the  form  cf  a  ring  having  a  single  air 
gap  at  the  point  of  contact  with  the  tape,  mo  a  portion  of  the  core  opposite  fcao 
air  gap  so  "that  it  has  a  smaller  crone-aectional  area  than  the  rest  of  the  core* 
Place  a  winding  on  each  si  do  of  tho  air  gap  and  the  filed  portion,,  and  apply  a 
small  sinusoidal  signal  to  one  winding*  The  second  winding  is  connected  in  ouch  a 
way  that  the  output  voltage  to  bo  used  is  the  difference  between  tho  applied  voUage 
and  that  induced  in  the  second  winding*  The  number  of  turns  on.  the  windings  arc 
adjusted  so  that  this  output  voltage  is  zero  whan  a  demagnetised  portion  of  tape 
io  over  the  air  gap*  However,  when,  a  magnetized  portion  of  tape  if?  over  thin  gap* 
a  steady  flux  is  oat  up  in  the  core  causing  a  change  in  the  reluctance  of  too 
magnetic  circuit,  particularly  of  the  filed  portion,  and  hence  a  change  in  lhQ  > 
voltage  induced  in  the  second  winding*  Tho  output  voltage  then  would  be  dl-.j.eren* 
from  zero  and  would  indicate  the  presence  of  a  recorded  signal  at  the  air  gap, 

The  success  of  a  head  design  litas  that  Juat  described  would  depend  on 
obtaining  the  required  change  of  reluctance  for  tho  very  email  values  of  flu.,- 
produced  by  the  tape  signals*  The  core  material  of  course,  should  show  a  large 
change  in  Incremental  permeability  for  a  smell- change  in  the  direct  component  of 
EOT  applied  to  It*  It  would  be  possible  to  add  a  small  direct  current  tooths  :'™c 
signal  applied  to  the  first  winding  and  thus  bias  the- head  to  a  point  on  j.ts  B-R 
curve  there  the  greatest  change  of  reluctance  will  occur*  This  not  only  would 
increase  the  sensitivity  but  also  would  permit  detection  of  positive  as  well  as  . 
negative  polarity  signals*  The  polarity  of  the  recorded  signals  would  be  indicated 
by  the  relative  phase  of  the  input  and  the  output  voltage o  of  the  head* 

A  playback  head  operating  on  tho  principle  outlined  above  probably 
could  not  bo  used  at  high -tape  speeds  when  short  pulses  have  been  recorded*  For 
such  a  case,,  a  correspondingly  high  frequency  would  be  required  for  exciting  th® 
playback  head*  That  iat  a  few  cycles  of  the  oxciting  signal  should  occur  during 
the  playback  pul go  *  Sines  the  incremental  permeability  of  a  magnetic  material 
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decreases  with  increasing  frequency,,  it  probably  would  be  impossible  to  obtain 
the  required  change  in  reiuctanco  in  the  head  for  exciting  signals  having  a 
frequency  of  more  than  a  few  thousand  cycles  per  second-  However ,,  if  it  1r 
assumed  that  the  exciting  frequency  is  1200  epo  end  that  3  cycles  occur  during 
each  playback  pulse*  the  output  pulse  length  would  bo  2.-5  Mill  iseconds*  l'hic 
would  correspond  to  a  repetition  rate  of  200  pps  if  the  spacing  between  pulses 
is  made  equal  to  the  pulse  lengthy.  This  typo  of  head,  thent  would  be  satisfactory 
for  reading  into  a  printer,,  while  a  conventional  typo  head  could  bo  used  for  high 
speed  reading  into  the  computer o 
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Project  Whirlwind 
Servomechanisms  Laboratory 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts 


SUBJECT:  OUTPUT  TYPEWRITER  -  PHOT  SR  UNIT  FOR  WHIRLWIND  I 
To:  J.  W.  Forrester 

From:  R.  R.  Everett 

Date:  November  13,  1947 


The  information  in  this  memorandum  has  been  prepared  hur¬ 
riedly  and  is  for  discussion  purposes  only. 

1„  There  are  three  kinds  of  output  data  from  the  conputer: 

A.  Graphical 

This  is  the  most  efficient  way  of  presenting  large  quantities 
of  data  for  human  understanding.  The  results  of  most  scientific  cal¬ 
culations  will  appear  in  this  form, 

B.  Physical 

The  U3e  of  the  computer  in  simulation  and  control  problems 
will  require  converting  the  numerical  outputs  of  the  machine  to  physical 
quantities.  The  graphical  outpxxto  mentioned,  above  could  be  considered 
a  form  of  physical  output  in  which  the  motion  of  the  physical  member 
is  recorded  in  some  fashion. 

Co  Numerical 

The  bulk  of  the  numerical  output  of  the  machine  will  be  for 
its  own  use  or  the  use  of  other  equivalent  machines  at  some  later  time- 
This  numerical  data  should  therefore  be  left  in  the  form  understandable 
to  the  machine,  that  is,  in  binary  notation  and  on  film.  Some  numerical 
outputs  will  be  required,  however,  which  car,  be  understood  by  human 
beings.  This  information  should  be  in  decimal  form  and  carefully  ar¬ 
ranged  for  easy  comprehension.  A  printer  should  be  available  which  can 
not  only  print  the  decimal  numbers  but  arrange  them  in  columns  along 
with  such  punctuation  and  alphabetic  notes  as  may  be  necessary.  Ee« 
production  can  be  accomplished  photographically  directly  from  the  printed 
page.  It  is  important  that  no  human  copying  be  required.  The  amount 
of  such  data  to* bo  printed  will  vary  widely  according  to  the  problems 
being  comout'  1 -  ft  would  be  very  small  in  simulation  and  conti ol  pro¬ 
blems  and  probably  in  most  problems  of  physical  investigation.  In 
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problems  requiring  the  preparation  of  table*  ouch  ns  in  logistics  sni 
census  work,  the  amount  of  information  to  he  printed  may  he  very  large, 

2.  It  is  possible  to  devise  high  speed  automatic  decimal  film  printers 
which  could  record  very  large  quantities  of  information,  These  printers 
would  become  very  complicated  if  alphabetic  date  were  added  to  the  re¬ 
quirements.  In  view  of  the  type  of  problems  proposed  for  Whirlwind  I 
it  does  not  seem  worthwhile  to  engage  in  a  development  pi’ogram  for  a 
high  speed  printer  at  this  time,,  Instead  some  already  available  auto¬ 
matic  typewriter  or  teletype  printer  will  probably  be  used. 

Thin  printer  will  not  operate  directly  from  the  machine  but 
rather  from  one  of  the  machinate  output  films.  It  seems  likely  at  this 
time  that  the  printer  will  operate  from  binary  coded  decimal  data  on 
the  film,  the  conversion  from  binary  to  decimal  having  been  accomplished 
in  the  arithmetic  element  of  the  computer  itself.  It  may  later  he  de¬ 
sirable  to  build  automatic  conversion  equipment  for  the  printer  itself, 
so  that  the  computer  can  put  out  binary  data  only.  Since  the  printer 
works  from  film  and  is  entirely  separate  from  the  computer,  its  opera¬ 
tion  rate  will  not  slow  up  the  main  computer  unless  the  average  printing 
rate  required  is  very  high.  It  is  always  possible  to  use  several  printer 
if  the  printing  rate  becomes  too  high.  The  printer  should  be  able  to 
understand  alphabetic,  punctuation,  and  spacing  information  stored  on 
the  film.  Some  of  the  extra  film  channels  can  be  used  to  Indicate  these 
processes.  It  would  be  very  desirable  if  the  printer  could  be  oquiped 
with  some  automatic  checking  procedure  which  could  determine  the  actual 
character  printed  ?uid  compare  i'"'  with  tho  data  on  the  film. 

3.  The  complete  instructions  ss  to  spacingo  and  alphabetic  notes  to 
be  printed  could  bo  put  on  the  outpxit  film  by  the  computer  which  could 
transfer  this  Information  from  the  input  film.  Another  possibility  Is 
to  provide  a  separate  film  reader  or  paper  tape  reader  which  would  have 
the  specific  purpose  of  instructing  the  printer.  Since  the  printing 
sequence  is  probably  cyclic,  this  separate  tape  could  probably  be  short. 
Paper  tape  might  bo  more  satisfactory  if  it  required  a  simpler  reader 
than  tho  film  and  were  already  available.  It  would  still  be  necessary 
•;  provide,  code  marks  on  the  film  for  special  instructions.  Printing 
instructions  could  be  placed  on  the  computer  input  film  or  the  printer 
instruction  tape  at  the  same  time  that  the  entire  problem  is  set  up. 


R.  R.  Pvereot 


